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ABSTRACT 

Refract It*  index  date  for  ZnS,  ZaSe,  aad  ZaTc  tit*  searched,  compiled,  amd 
analysed.  Reeoaacnded  valnes  of  refractive  index  for  the  transparent  spectral 
region  were  generated  in  the  ranges  O.S  to  14  pa  and  >3-1000  K  for  ZaS,  0.55  to 
IS  pa  and  >3-418  K  for  ZnSe,  and  0.55  to  30  pa  at  rooa  teaperatsre  for  ZnTe. 
Generation  of  these  valnes  vaa  based  on  a  dispersion  agnation  which  heat  fits 
aeleoted  data  seta  eowering  vide  teaperatara  and  wavelength  ranges  where  the 
available  experimental  data  perait.  Teaperatara  and  wavelength  derivatives  of 
refraetive  index  were  siaply  ealenlated  froa  the  first  derivatives  of  the 
agnation  with  respect  to  teaperatnre  and  wavelength  respectively.  The  reanlta 
are  in  concordance  with  the  existing  data. 


Key  Words:  refraetive  index,  teaperatnre  coefficient  of  refraetive  index, 
optical  const ante,  sine  snlfide,  sine  eelcaide,  sine  tellnride. 
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1.  ^Introduction 


The  refractive  index  of  a  material  ia  one  of  ita  fundamental  and  naefnl 
optieal  propart ia a.  Accurate  knowledge  of  refraotive  index  over  a  wide  xivtge 
of  ware 1 eng tk  and  temperature  ia  indiapenaable  for  many  applieationa.  Although 
thia  property  eontinuea  to  receive  attention  for  both  ita  indnatrial  ae  well  aa 
aeientifie  applieationa,  the  ourrent  atate  of  the  available  data  for  many 
widely  need  materiale  ia  leea  than  adequate.  While  experimental  reanlta  for 
the  refraotive  index  of  theae  materiala  are  reported  by  many  inveatigatora 
claiming  high  internal  accuracy  and  agreement,  the  data  aa  a  whole  in  many 
caaea  are  in  diaagreement . 

In  thia  etudy,  an  attempt  ia  made  to  eonaolidate  all  of  the  publiahed 
refractive  index  data  for  xino  ehaloogenidea  and  to  critically  evaluate  the  raw 
experimental  data  and  techniques  of  measurements.  A  modified  Sellmeier  type 
diaperaion  relation  ia  utilixed  to  deacribe  the  available  body  of  data.  The 
reanltant  equations  are  used  to  generate  the  moat  probable  values  which  agree 
with  the  selected  experimental  data  to  within  estimated  uncertainties  based  on 
reported  experimental  errors. 


2.  Theoretical  Background  on  Refraotive  Dispersion  in  Solids 


2.1.  Refractive  Index 


For  pure  substanoea,  the  wavelength  or  frequency  dependenee  of  the  optieal 
conatanta  may  be  described  by  the  olaasioal  treatment  of  Lorentx.  The  theory 
assumes  the  solid  to  be  composed  of  a  aeries  of  independent  oscillators,  which 
are  set  into  forced  vibrations  by  the  incident  radiation.  The  Lorentx  theory 
of  absorption  and  dispersion  for  both  insulating  and  semi-eondueting  materiala 
is  expressed  by  two  familiar  relations: 
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where  a  is  the  refraetive  index,  k  the  absorption  index,  X^  sad  &i> 
respectively,  the  psrsaeter  sssooisted  with  the  oseillstor  strength,  the 
resonant  wavelength,  and  the  daaipiag  factor  of  the  i-th  oscillator,  0  -  1^/X. 
and  X  the  wavelength  of  incident  radiation.  In  the  transparent  wavelength 
region,  eg  (1)  can  he  reduced  to  the  well-known  Sellaeier  type  equation  by 
neglecting  the  absorption  and  the  line  width  of  the  oscillators,  thus  leading 
to: 
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Texas  in  the  first  snaaation  are  contributions  froa  the  ultraviolet  absorption 
bands  and  those  in  the  second  are  froa  the  infrared  absorption  bands.  Proa  eq 
(3),  the  optical  and  static  dielectric  constants,  e  and  e_»  of  the  aaterial 

49  Q 

under  coaeideration  are  defined  as: 


• 1  ♦  1  v 

i 


and  (4) 

•o-^K^v 

i  j 

In  an  ideal  application  of  eq  (3),  one  would  need  to  know  the  wavelengths 
of  all  of  the  absorption  bands  in  the  absorption  regions.  This  is  very 
diffioult  in  praotiee  beoause  out  of  the  large  nuaber  of  absorption  bands  only 
a  few  of  thea  are  aooessible  for  experiaental  observation.  It  is  also  observed 
that  aaong  the  absorption  bands,  only  those  looated  closest  to  the  transparent 
region  have  noticeable  effect  on  the  refraetive  index  in  the  transparent 
region.  In  order  to  siaplify  the  calculations  of  the  effect  due  to  unobserved 
absorption  bands  and  those  other  than  the  ones  which  affeot  aost  the  refractive 
index  in  the  transparent  region,  the  following  considerations  are  taken.  Each 
tera  in  the  first  suaaation  froa  eq  (3)  is  rewritten  as: 
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Since  X^'s  at*  nasally  ooaslderably  smaller  than  X'a  is  the  transparent  region, 
a  good  approximation  of  the  first  saamatioa  is 


\  *iX 


1  X2-X  2 
i  *  \ 


+  \  Vi .  \ 

III  ,2_,  2  1  ‘i  (2  ,  2  ’ 


i  X  'Xi 


X  -X 


(6) 


where  sq  and  XQ  are  the  effective  qsantities  equivalent  to  the  total 
contribution  from  all  ultraviolet  bands.  The  terms  in  the  second  sunmation 
from  eq  (3)  account  for  the  effects  of  the  absorption  bands  beyond  the  long 
wavelength  limit  of  the  transparent  region.  It  is  generally  obaerved  that  only 
a  single  term  due  to  the  transverse  optical  mode  (TO  mode)  of  fundamental 
phonon  at  wavelength  Xj.  is  sufficient  to  account  for  the  effects.  Therefore, 
the  contribution  from  seoond  summation  is  simplified  to 
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with  bj.  and  Xj.  associated  with  the  TO  mode  phonon.  Since  refraotive  index  data 
for  sine  chalcogenides  are  also  available  in  the  range  beyond  the  roststrahlen 
region  from  100  up  to  600  |im,  this  TO  mode  phonos  should  serve  as  the 
absorption  band  in  the  short  wavelength  side  of  this  wavelength  region.  It  is, 
therefore,  conceivable  to  expect  that  the  refractive  index  data  in  both  of 
these  two  speotral  regions  can  be  described  by  a  single  dispersion  equation 
with  some  modification.  In  order  to  achieve  such  connection,  the  first  thought 
was  that  the  damping  factor  should  be  included  in  that  tern  to  avoid  the 
singularity  between  these  two  regions.  With  this  consideration,  eq  (7)  should 
be  replaced  by  the  corresponding  term  in  eq  (1): 


(1-02)2  +  82Q2  * 

where  fl  -  Xj/X.  However,  the  real  data  fitting  calculations  for  sine 
chalcogenides  indicated  negligibly  small  values  for  S.  Substituting  eqs  (6) 
and  (7)  into  eq  (3),  we  have  the  simplified  dispersion  equation  at  room 
temperature  as: 
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thira  A  ud  B  ira  treated  ae  adjustable  eoastants  and  B  is  related  to  the 
dieleetrie  eonatants  by  the  condition: 


a  -  sA  -  B.  (10) 

The  parsaeters  Sg,  A.  B,  X^,  and  Xj  in  eq  (9)  can  be  expressed  in  terns  of 
teaperature  baaed  on  the  considerations  given  below.  There  are  four  sorts  of 
physical  effects  which  influence  the  parameters  in  eq  (9) .  One  is  the  theraal 
expansion!  the  aaterial  becoaes  less  dense  as  teaperature  increases.  Were  this 
the  only  aeehanisa  operative,  it  would  reduce  the  refractive  index  as 
teaperature  increased.  The  fact  that  the  refractive  index  of  sine 
chalcogenidea  increases  with  teaperature,  iaplieates  that  other  aechaniaas  are 
predcainant.  The  second  is  the  theraal  oocupanoies  of  the  energy  levels  of  the 
aaterial  as  a  function  of  teaperature)  the  total  nuaber  of  the  i-th  oscillator 
varies  with  teaperature.  It  is  apparent  that  the  theraal  occupancies  increase 
with  teaperature  as  evidenced  by  the  observed  positive  values  of  An/AT.  The 
third  is  the  change  of  refractive  index  of  aabient  air.  Since  the  refractive 
index  of  a  aaterial  is  actually  aeasured  relative  to  air,  i.e.,  n/n^,  to 
deteraine  the  teaperature  variation  of  refractive  index  of  the  aaterial  it  is 
necessary  to  take  into  account  the  corresponding  ohange  in  the  refractive  index 
of  the  aabient  air.  In  expression  we  have 


SL¬ 

AT 


(11) 


where  dn^/dT  is  about  0.11  x  10-5  which  is  usually  aasked  by  the  uncertainties 
in  the  data.  The  fourth  is  the  theraal  shifts  of  characteristic  absorption 
bands.  For  aost  aaterials,  both  X  and  XT  increase  with  teaperature.  Both  of 
these  shifts  tend  to  increase  refractive  index  in  the  transparent  region.  In 
the  extreae  liaits  where  X  is  dose  to  either  X  or  XT,  the  refractive  index  at 
X  inoreaaes  rapidly  with  teaperature.  It  is  experiaentally  observed  that  X^  is 
approximately  a  linear  function  of  teaperature  [1]  over  a  vide  teaperature 
region  so  does  the  Xj.  [82]. 


Binee  adequate  expressions  of  theraal  expansion  and  theraal  ocoupaney  of 
sino  ohaleogenides  as  a  function  of  teaperature  do  not  appear  available  and  the 


t 
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oorreetiom  dm*  to  index  change  of  ambient  air  is  approximately  i  constant,  it 
is  therefor*  possible  to  tr*st  *seb  of  tbs  psrsmeters  is  eq  (9)  as  a  polynomial 
fmaetioa  of  temperature  to  socount  for  tbs  first  tbr*o  offsets  combined.  Tbms, 
tbs  paraastars  in  «q  (9)  ar*  rsplaesd  by: 

s0< t)  -  B(t)  -  B0  +  Ext  +  Ejt2  ♦  Ejt3  +  E4t4, 

A(t)  -  AQ  +  Ajt  +  Ajt2  +  Agt3  ♦  A4t4, 

B(t)  -  BQ  +  Bxt  +  B2t2  +  B3t3  +  B4t4,  (12) 

Xu(t)  *  X»0  +  V* 

xI<t)  "  xio  + 

•here  t  »  T-293  I,  and  E's,  A's,  B's,  and  JJ's  are  ooastants  vitb  Eq,  Aq,  Bq, 
IjQ.  and  1^  dstsrainsd  at  293  E,  i.s.,  t  ■  0.  Only  up  to  tb*  fonrtb  degree  of 
t  is  r*tain*d  in  tbs  above  expressions  as  it  was  found  that  tb*  inelnsion  of 
higher  degrees  or  reducing  to  lover  degrees  did  not  yield  adequate  data 
fitting.  Vitb  all  these  considerations,  eq  (9)  can  be  expressed  in  a  general 
fora  as: 


n2U.t>  -  E<t)  +  y**-  +  . 

A  -A  2 

II  1 

vbicb  is  reduoed  to  eq  (9)  for  T  -  293  K  or  t  -  0. 


(13) 


Equation  (13)  is  a  preferred  eapirioal  expression  for  tb*  refractive  index 
in  terns  of  both  temperature  and  wavelength  as  it  offers  advantages  in 
identifying  tb*  physical  aeaning  of  various  constsnts  and  in  calculating  tb* 
derived  quantities.  Anong  other  things,  the  dielectric  constants  at  rooa 
teaperature  oan  be  obtained  by  a  glance  of  values  of  EQ  and  BQ.  If  sufficient 
aaount  of  accurate  data  are  available,  the  constants  B's  and  B's  thus 
determined  can  be  used  to  calculate  the  dielectric  constsnts  at  other 
temperatures.  Vitb  tb*  constants  appropriately  determined,  dn/dT  and  dn/dX  can 
easily  be  calculated  by  taking  the  first  derivative  of  eq  (13)  vitb  respect  to 
T  and  X.  The  choice  of  t,  relative  to  293  E,  rather  than  tb*  absolute 
temperature  T  is  based  on  tb*  faot  that  data  on  tb*  refractive  index  and 
related  physical  properties  at  room  temperature  ar*  either  available  or  can  be 
••tiuated  vitb  relative  ease.  It  is,  therefore,  highly  appropriate  to  choose 
room  temperature  as  tb*  starting  point  on  vbicb  temperature  variation  of  tb* 
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HftiotiT*  iaiti  eu  b*  built  with  •▼•liability  of  id«(uti  tnpintut 
4*pn4**t  data. 


2.2.  Temperature  DtrivatiTi  of  Ref  motive  Index 

Raaaehaadran  [2]  presented  a  seaieapirieal  tbaory  of  themo- optical 
•ffaeta  in  oryatals,  ia  wbleb  tba  dispersion  was  fittad  to  experimental  data, 
employing  a  sarias  of  oscillator  wavelengths  aad  straagtbs  as  adjustable 
paraaatsrs.  A  ralatioa  was  fonad  between  taaperature  shifts  of  warious 
parameters  aad  fuadaasatal  oscillator  wawalsagths  as  showa  below: 

2a  ^  -  C  -  3«(n2-l)  +  J  F(X.X^) 

i 


dX/l 


y.i  dT 


(14) 


where  C  is  effectively  a  coastaat  over  a  limited  teaperatare  range  aad  F(X,X  ) 

4  2  2  2  1 

■  2k ^X  /(X  -X^  )  with  k^  being  a  coastaat.  However,  the  parameters  chosen 

were  rather  nuaerous  aad  often  aot  unique)  no  general  prescription  was 

preseated  for  determining  their  teaperatare  variations  which  are  necessary  for 

the  calculation  of  dn/dT.  Harris  et  al.  [3]  proposed  an  eapirical  relation 

without  theoretieal  justification  for  the  dispersion  of  dn/dT.  It  relates  the 

observed  values  of  dn/dT  to  the  wavelength.  X.  and  the  wavelength  corresponding 

to  energy  gap.  X^.  by  the  expression: 

S  ■  •  •  <is> 

where  a  aad  b  are  constants  and  K  «  X2/(X2-X^2).  This  relation  was  later  re- 
exaaiaed  by  Johnston  [4]  in  light  of  soae  phenomenological  calculations  of  Tsay 
et  al.  [5]  in  which  the  following  equation  was  derived: 


2*  **  -  f2 

z  dT  * 


2  2 
x 

S 


by  aegleetiag  the  saall  contribution  froa  lattice, 
interpolation,  eq  (16)  vaa  simplified  by  Johnston  to 


(16) 


For  practical  data 


2a 


4* 

dT 


-  AR  +  HR2  . 


(17) 


Ia  comparison,  one  can  notice  that  eq  (14)  aad  eq  (17)  can  be  arrived  by 
differentiating  the  second  tern  of  eq  (9)  with  respect  to  teaperatare.  It 
should  be  pointed  out  that  aost  of  published  works,  including  referenees  [2-5] 
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treat  da/dT  of  semiconductors  generslly  assuming  that  da/dT  data  aro  Marly 
independent  of  temperature  over  a  fairly  wide  raaga  of  temperature  aad  that 
lattioa  contributions  to  da/dT  ara  aagligible.  No  ooaaidaratioa  was  given  to 
tha  affaot  of  thanaal  oooapaaeiaa.  As  a  result,  much  of  the  reported  da/dT 
data  raaaiaa  nearly  a  eoastaat  over  a  taaparatara  raaga  of  a  few  haadred 
degrees.  Ia  real  sitaatioa,  however,  all  these  assaaptioaa  baooaa  iaadaqaata 
as  will  be  disoassad  ia  a  later  saotioa  la  dealiag  with  tha  available  data. 

Diffaraatiatiag  eq  (13)  with  raspaet  to  taaparatara,  va  gat: 

2tt  «  "  A0Sa  +  B0SI  +  E1  +  E2P2  +  E3P3  +  E4P4  +  Al(V8at) 

+  A2(EaP2+Sat2>  +  A3(RaP3+Sat3)  +  Wd^uV  +  VW*  (18) 
+  B2(«IP2+8It2)  +  B3(RIP3+8It3)  +  B4(RIP4+8It4> 


where  p2 


S 

a 


2t,  p9  *  3t2,  ■  4t8,  t,  ■  t2,  t9  -  t8,  t^  ■  td,  1_  *  2  2  2» 


“A  .  __j_ 
"  u2-n  V  h  -1-  1 

U 


s 


3  *  '  '4 

£l 


X-X 


2k\ 


X~ /kj~-l  1  dT  XI3(X2/XI2-1)2’ 


Xu  “  Xu0  +  V'  “d  XI  *  XI0  +  * I ** 

Either  aq  (13)  or  eq  (18)  can  be  asad  for  liaaar  regression  to  determine  tha 
coastaats  E's,  A's,  aad  B's  depending  oa  tha  type  aad  qaality  of  available 
data;  if  reliable  teaperatare-dependent  da/dT  data  ara  available,  aq  (18) 
shoald  be  asad  after  the  valaes  of  Bq,  Aq,  Bq,  Xqq,  aad  X^q  ara  determined  at 
rooa  taaparatara. 


3.  Presentation  of  Naaarioal  Data 

Kefarenoe  valaes  are  generated  here  throagh  oritioal  avalaatioa,  analysis, 
and  synthesis  of  tha  available  experimental  data.  Tha  prooadara  involves 
critical  avalaatioa  of  tha  validity  aad  aoearaoy  of  tha  available  data  aad 
information,  rasolatioa,  aad  raooaoiliatioa  of  disagreements  ia  eases  of 
conflicting  data,  correlation  of  data  ia  terms  of  various  controlling 
parameters,  carve  fitting  with  theoretical  or  empirical  eqaatioas,  aad 
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eoapttiioai  of  txpttlmtil  uh«i  with  predictions.  No  atteapt  vaa  uade  to 
analyse  th*  data  of  thin  filaa  aad  those  ia  tka  regions  of  atroag  absorption, 
baeaaaa  of  tka  aeaatlaaas  of  reliable  inforaatioa.  However,  azpariaaatal  data 
of  tkia  filaa  aad  ia  abaorption  ragioaa  axa  alao  praaaatad  aloag  with  tkoaa  of 
tka  traaaparaat  ragion  ia  tka  tablaa  raportiag  azpariaaatal  data  for  tka 
parpoaa  of  ooapariaoa  aad  eoaplataaaas. 

A  nnabar  of  figaras  aad  tablaa  aaaaariza  tka  inforaatioa  aad  giro  data  as 
a  faaotioa  of  wavelength  and  taaparatara.  The  conventions  naed  ia  this 
presentation,  aad  apacifio  ooaaaata  concerning  tka  iatarpratatioa  aad  naa  of 
tka  data  are  given  below.  Tka  sabaaotioaa  for  each  of  the  substances  contain 
all  available  inforaatioa  and  data  for  a  given  aaterial  and  cover  the 
following: 

a.  A  tazt  discussing  tka  data,  analysis,  and  reooaaeadationa. 

b.  A  figure  of  ezperiaantal  n  values  (wavelength  and  teaperature 
dependence). 

c.  A  figure  of  experiaental  dn/dT  ■  f(X), 

d.  A  figure  of  ezperiaantal  dn/dT  ”  f(T), 

e.  A  table  of  ezperiaantal  data  on  n  ■  f(X),  given  in  Appendiz, 

f.  A  table  of  ezperiaental  data  on  n  »  f(T),  given  in  Appendiz, 

g.  A  table  of  ezperiaantal  data  on  dn/dT  «  f(X)  given  in  Appendix, 

k.  A  table  of  ezperiaantal  data  on  dn/dT  -  f(T)  given  in  Appendiz, 

i.  Figures  of  recoaaended  values  of  n,  dn/dT,  and  dn/dX, 

j.  Tables  of  recoamended  values  of  n,  dn/dT,  sad  dn/dX. 

Since  a  reader  aay  be  interested  in  a  specific  substance,  it  is  felt  highly 
desirable  to  include  iaportant  inforaation  and  discussion  in  each  subsection 
even  if  it  aay  be  repetitions  of  soae  of  the  sub  j  sot  aatter  found  in  other 
subsections.  In  figures  containing  ezperiaental  data,  selected  data  sets  are 
labeled  by  appropriate  legends  corresponding  to  those  in  the  corresponding 
tables  of  ezperiaental  data  given  in  Appendiz,  where  specifications  for 
individual  data  sets  are  also  inoluded.  This  was  done  to  asks  esck  subsection 
self-contained. 
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Ikttt  in  i  mAit  of  izpitimitil  methods  mood  for  the  determination  of 
refraotive  index,  among  which  th*  following  or#  thooo  commonly  mood: 

Dowiotiom  method 
Interference  method 
Tronomioeion  end  Reflection  method 
Brevoter  angle  method 
Thickneoo  determination  method 
Multilayer  method 

The  methodo  liated  abowe  are  arranged  in  the  order  of  their  inherent  accuracy 
or  popularity.  The  deviation  method  io  the  moat  popular  me an a  of  determining 
the  refractive  indicea,  but  the  accmracy  of  the  reamlta  dependa  on  the 
conditiona  of  the  priam  apecimen.  The  higheat  precision  that  can  be  attained 
ia  a  fern  mnits  in  the  fifth  decimal  place.  The  interference  teohnique  can  be 
msed  to  obtain  data  significant  to  the  fomrth  decimal  place.  Transmission  and 
reflection  method  yields  reamlta  significant  to  the  second  place,  while  the 
mmltilayer  reamlta  are  no  better  than  the  second  place.  Por  a  comprehensive, 
yet  concise,  review  of  all  these  methods,  the  reader  ia  referred  to  references 
[6]  and  [7] . 

Dispersion  equations  for  each  of  the  ambstanoea  have  been  proposed  from 
time  to  time  in  earlier  atmdies.  These  available  relations  are  collectively 
presented  in  a  table  to  facilitate  comparison.  Refractive  indices  for  most  of 
selected  data  sets  are  reported  to  the  fomrth  decimal  place.  However,  detailed 
compositions  and  characterizations  of  the  specimens  were  msnally  not  clearly 
given.  Since  imparities  in  the  sample  and  conditions  of  the  smrfaee  are 
factors  affecting  the  accmracy  of  the  observed  resmlts,  smoh  highly  precise 
data  cannot  be  applied  to  a  sample  ohosen  at  random.  For  this  reason  no 
attempt  is  made  to  recommend  any  particular  set  of  date  with  the  reported  high 
aconraoy,  but  to  generate  the  most  probable  valnes  for  the  pmre  samples.  As  a 
resmlt,  the  estimated  uncertainties  in  the  recommended  values  on  the  refraotive 
index  are  higher  than  those  reported  for  the  date  obtained  by  high-precision 


3.1.  Zinc  Snlfide,  ZnS 

There  are  39  sets  of  experimental  data  available  for  the  refraotive  index 
(wavelength  dependence  +  temperature  dependence)  of  sine  sulfide  as  tabulated 
in  tables  A-l  and  A-2  and  plotted  in  figures  1  and  2  where  some  of  the  data 
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Manabe  et  al.  [16] 


Refractive  index 
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Figure  2.  Experimental  and  calculated  refractive  index  of  ZnS  (temperature 
dependence).  Refer  to  table  A-2  for  the  corresponding  data  sets. 
Data  sets  are  derived  from  dn/dT  data  given  in  table  A-4. 
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uti  iri  for  thin  filas  or  aultilayers  included  here  for  the  purpose  of 
coaparison.  After  e  oarefal  review  tad  evaluation  of  the  available  data  aad 
inforaation,  it  was  foaad  that  data  sets  reported  by  Kell  [8],  DeVore  [9], 
Csyxak  et  al.  [10-12],  Boad  [15],  Banabe  et  al.  [16],  Feldaan  et  al.  [17],  aad 
Wolfe  aad  Eorniski  [18]  are  represeatative  for  the  available  refractive  iadez 
of  siao  sulfide  ia  the  fuadaaeatal  traaspareat  region.  Data  sets  reported  by 
Hattori,  et  al.  [19]  are  the  oaly  available  aaterial  ia  the  wavelength  range 
frost  about  100  to  650  pa.  Refractive  index  data  of  hexagonal  ZaS  crystals  were 
■easured  by  Bieaiewski  aad  Csyxak  [14]  and  by  Piper  et  al.  [13]. 

Early  aeasureaents  on  the  refractive  iadex  of  ZnS  over  the  visible 
speetrua  covering  s  large  teaperature  range  were  reported  by  Bell  [8]  for 
saaples  of  natural  crystal,  a  sphalerite  with  green  hue.  These  data  indicate 
that  not  oaly  is  the  dispersion  of  ZaS  very  large,  but  also  the  refractive 
index  varies  appreciably  with  teaperature.  At  rooa  teaperature,  a  changes  froa 
2.5240  at  wavelength  0.4162  pa  to  2.3263  at  0.732  pas  while  at  wavelength  0.546 
pa,  a  varies  froa  2.3867  at  273  E  to  2.4452  at  977  E.  Several  prisaatic 
speciaeas  were  used,  aad  the  results  were  consistent  to  the  third  deciaal 
place.  Bell  also  showed  that  the  data  at  273  E  can  be  fitted  by  a  Sellaeier 
type  foraula  as  given  ia  table  1,  aad  the  data  at  several  selected  wavelengths 
were  found  to  vary  quadrat ically  with  teaperature.  Although  the  data  were 
obtained  several  decades  ago  and  were  for  natural  crystal  with  evident 
iapurity,  they  are  quite  coapatible  with  the  data  obtained  for  saaples  purified 
aad  grown  by  the  best  techniques  presently  available.  The  differences  between 
Bell's  data  and  the  recent  data  in  the  overlapped  region  are  within  two  units 
in  the  third  deciaal  place. 

DeVore  [9]  aeasured  refractive  indices  for  s  clear,  water-white  natural 
sphalerite  crystal  at  rooa  teaperature  over  a  wavelength  region  between 
0.365  and  0.578  pa  and  at  1.5296  pa.  The  data  points  were  fitted  well  to  s 
dispersion  equation  (see  table  1)  siailar  to  that  of  Bell.  Nuaerically  the 
data  froa  these  two  sources  are  discrepant  in  the  overlapped  region  by  several 
units  in  the  third  deciaal  plaoe  which  aay  be  attributed  to  the  iapurities  and 
experiaental  errors.  Both  of  the  dispersion  equations  of  Bell  and  of  DeVore 
anggest  an  effective  ultraviolet  absorption  band  at  about  0.27  pa  and  did  not 
account  for  the  contribution  froa  infrared  absorption  bands.  It  should  be 
pointed  ont  that  in  spite  of  the  fact  that  DeVore's  data  are  represented  by  a 


Table  1.  Comparison  of  dispersion  equations  proposed  for  ZnS 
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or  one  sample  at 

Ai  =  0.33904026 
A2  -  3.7606868 
A3  =  2.7312353 


Table  1.  Comparison  of  dispersion  equations  proposed  for  ZnS — Continued 
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simple  aquation,  the  predicted  refractive  indicea  at  wavelengths  near  1.5296  (in 
ate  not  reliable.  At  that  wavelength,  the  effect  froa  infrared  abaorption 
banda  ia  aignifioant  and  ia  negative;  a  ainple  diaperaion  equation  without 
taking  into  account  the  effect  froa  infrared  will  predict  a  higher  reault  aa 
can  be  aeen  by  comparing  it  with  the  data  of  Cxyzak  et  al.  and  Feldman  et  al. 
at  correaponding  wavelength. 

Bond  [15]  attempted  preciae  meaaurement  aignifioant  to  the  fourth  decimal 
place  on  the  refractive  index  of  ZnS  uaing  minimum  deviation  method.  Since  the 
natural  apecimen  froa  San  Antander,  Spain  waa  impure  aa  evidenced  that  the 
cryetal  waa  not  tranaparent  beyond  2.4  pa;  and  as  a  result,  the  values  obtained 
were  expected  to  be  more  uncertain  than  those  of  transparent  specimens. 
However,  his  data  were  quite  consistent  in  comparison  with  the  data  reported  by 
Feldman  et  al.,  and  the  discrepancy  in  the  overlapped  wavelength  region  was 
within  two  units  in  the  third  decimal  place. 

Refractive  index  data  of  synthetic  single  cubic  crystals  of  ZnS  covering  a 
spectral  range  from  0.365  to  4  pm  at  room  temperature  were  found  in  references 
[10-12,20].  These  data  sets  were  measured  basically  by  the  same  group  of 
investigators  but  were  reported  at  various  periods.  Spectroscopic  analysis  of 
the  crystals  showed  a  total  analyzed  impurity  content  of  less  than  0.0001%, 
indicating  that  the  data  obtained  were  supposedly  to  be  representative  for  pure 
single  cubic  crystal  but  for  unknown  reasons  the  data  showed  large 
discrepancies.  The  data  in  the  visible  region  were  fitted  to  a  Sellmeier  type 
dispersion  equation,  and  for  the  extended  wavelength  region  the  data  were 
fitted  to  a  polynomial  equation  of  negative  even  powers  of  wavelength  as  shown 
in  table  1.  When  compared  with  the  data  reported  by  Nell  and  by  DeVore,  the 
differences  are  in  the  third  to  second  decimal  place  and  show  a  large 
scattering.  It  is  interesting  to  note  that  the  dispersion  equation  for  the 
visible  region  is  very  similar  to  that  found  by  DeVore  and  both  indicate  an 
effective  ultraviolet  absorption  band  at  0.2755  pm. 

Manabe  et  al.  [16]  studied  optical  constants  in  the  reststrahlen  region, 
20  pm  up  to  about  100  pm,  by  means  of  infrared  lattice  reflection  speotra. 
Both  aynthetio  cubic  and  hexagonal  crystals  were  investigated  and  the  speotra 
were  analyzed  using  the  Drude  dispersion  relation.  Oscillator  strength,  N, 
optioal  dielectrio  constant,  damping  factor,  6,  and  wavelength  of 
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tiuiTtri*  optical  phonon,  Xj,  in  the  Drnde  equations  shown  in  table  1  were 
determined  by  a  leaat-sqnares  fit  of  reflectivity  data.  In  the  case  of 
hexagonal  crystal,  the  wavelength  of  TO  mode  phonon  is  the  same  for  both 
polarisation.  The  TO  mode  phonon  wavelength  was  also  obtained  directly  from 
tranamiaaion  spectrum  of  an  evaporated  thin  film  and  was  found  to  be  in  good 
agreement  with  that  obtained  from  the  reflection  spectra  analysis.  The  static 

dielectric  oonatant,  s.,  was  determined  by  substituting  X  *  •  in  the  resulting 

u  2  2 
Drnde  equation  assuming  zero  absorption,  i.e.,  **  n  =  tm  +  NXj  . 

Refractive  index  of  CVD  ZnS  was  measured  by  Feldman  et  al.  [17]  as  part  of 
the  effort  in  the  characterization  of  high-power  laser  window  materials.  Two 
CVD  ZnS  samples  were  measured  with  high-precision  minimum  deviation  method  over 
a  wide  wavelength  region,  0.S5-10.6  |tm,  of  laser  interest.  The 
roosr-temperatnre  data  were  reported  significant  to  the  fifth  decimal  place  and 
were  fitted  to  a  three-term  Sellmeier  type  dispersion  equation  (shown  in  table 
1).  Since  the  parameters  in  their  dispersion  equation  were  not  intended  to 
have  physical  significance  but  a  mathematical  fit  to  the  observed  data,  the 
parameter  values  determined  for  these  two  samples  were  considerably  different 
though  the  difference  in  refractive  indices  at  any  wavelength  was  only  about 
one  unit  or  less  in  the  fourth  decimal  place.  In  view  of  the  reported  average 
absolute  residuals  of  n  from  the  best  fit  equation  of  each  data  set,  5.4  ^  10  ^ 
and  4.6  x  10  ^  respectively,  the  difference  of  one  unit  4n  the  fourth  decimal 
place  should  be  regarded  as  experimental  uncertainty  a md  Either  of  the  two  data 
sets  closely  represents  the  refractive  index  of  CVD  ZnS  at  room  temperature. 

Volfe  and  Korniski  [18]  reported  refractive  index  data  for  a  sample  of 
Irtran  2,  a  hot-pressed  microcrystalline  compact  of  ZnS,  over  a  spectral  region 
between  0.6328  and  14  pm  at  room  temperature  and  at  84.9  K.  The  precision  of 

— A 

the  measurement  is  a  few  parts  in  the  fourth  decimal  place,  namely  2.86  x  10 
rms  deviation.  Intercomparison  with  the  data  of  Irtran  2  reported  earlier  by 

_3 

Eastman  Kodak  Co.  [21],  there  are  discrepancies  of  as  much  as  4.8  x  10  at  the 

-3 

ahorter  wavelengths  decreasing  to  2.8  x  10  at  the  longer  wavelengths;  this  is 
an  order  of  magnitude  larger  than  the  experimental  uncertainty.  Such 
difference  is  likely  to  be  attributed  to  difference  in  the  samples.  Comparison 
of  the  data  aets  of  Irtran  2  and  CVD  ZnS  is  shown  in  figure  3  where  the  data  of 
Irtran  2  disagree  with  those  of  CVD  ZnS  by  amounts  far  more  than  experimental 
uncertainties. 


18 


19 


The  indices  of  refraction  of  ZnS  ia  the  far  infrared  apectral  range  fro* 
100  to  600  |ta  were  Measured  by  Hattori  at  al.  [19]  at  temperaturea  2,  80*  and 
300  K.  The  crystal  used  in  the  experiment  was  of  nixed  cubic  and  hexagon  type. 
The  obtained  indices  of  refraction  were  described  by  a  simple  dispersion 
equation,  shown  in  table  1,  for  an  undamped  harmonic  oscillator  from  which  the 
dielectric  constants  snd  wavelength  of  TO  mode  phonon  were  determined  with 
least-squares  fit.  The  static  dielectric  constant  serves  as  a  check  for  the 
valoea  obtained  from  various  optical  methods.  Since  the  n  data  were  meaaured 
by  interference  method  and  the  value  of  s^  was  obtained  in  the  long  wavelength 
region,  it  is  believed  to  be  reliable  and  should  be  adopted  aa  a  known 
parameter  in  the  dispersion  equation  of  ZnS. 

Data  for  hexagonal  ZnS  crystals  were  reported  by  Bieniewski  and  Cxyxak 
[14J  over  a  wavelength  range  from  0.36  to  1.4  pm  and  by  Piper  et  al.  [13]  over 
a  wavelength  range  from  0.33  to  1.8  pm.  In  both  investigations,  the 
birefringence  of  hexagonal  crystals  was  found  to  be  small,  about  0.006,  and  was 
fairly  constant  throughout  the  wavelength  region  inveatigated.  They  stated 
that  within  experimental  error  the  dispersion  equation  proposed  by  DeVore  [9] 
or  by  Cxyxak  et  al.  [10]  was  valid  for  both  cubic  and  hexagonal  crystals. 

For  ease  of  comparison,  the  deviations  of  above  mentioned  data  sets  from 
the  recommended  values  in  the  fundamental  transparent  region  at  room 
temperature  are  plotted  in  figure  3.  It  is  obvious  that  the  disagreement  among 
the  data  sets  reported  by  different  investigators  is  greater  than  the  accuracy 
claimed  by  each  of  them.  Although  internal  conaistency  was  observed  in  each 
investigation,  unaccounted  sources  of  errors  are  responsible  for  these 
discrepancies. 

In  the  present  work,  eq  (9)  is  used  to  represent  the  room-temperature 

refractive  index  of  ZnS.  The  main  task  is  the  selection  of  the  appropriate 

parameters  *m,  tQ,  and  Xj,  and  the  determination  of  the  coefficients  A,  B,  and 

the  parameter  X  .  But  the  most  important  of  all  is  the  selection  of  reliable 
u 

data  aets  used  for  input  to  fit  eq  (9).  The  selected  data  sets  are  limited  to 
the  works  of  Feldman  et  al.  [17],  Nell  [8],  and  Hattori  et  al.  [19].  The  data 
of  Feldman  et  al.  cover  a  wide  spectral  region  and  it  it  believed  to  be 
measured  with  the  highest  accuracy  for  CVD  ZnS  which  is  likely  to  be 
exclusively  used  for  quality  optios  in  the  future.  The  data  of  Nell  oover  more 
short  wavelengths  and  wider  temperature  region  than  those  of  Feldman  et  al. 


Mottomi  tkt  zoom  tnptritut  data  la  tka  overlapped  region  are  eoaeiatent  to 
within  third  decimal  plaoe  with  those  of  Feldaaa  et  al.  The  data  set  reported 
by  Hattori  [19]  is  aaed  to  sabstaatiate  the  eorrectaess  of  the  static 
dieleetrio  eoastaat  for  the  iafrared  term. 

Literatare  values  of  «b,  e^,  aad  X^  are  very  discrepant  as  showa  ia  table 
2  where  the  rooa-teaperature  «r  valaes  vary  froa  4.7  to  5.7.  For  refractive 
indez  calenlatioa  accarate  to  the  third  or  foarth  deciaal  place,  the  variatioa 
of  available  »m  is  far  less  adequate  thaa  required.  However,  far  better  values 
of  s  oaa  be  obtaiaed  froa  available  dispersioa  equatioas  covering  visible 
regioa  proposed  by  various  investigators.  Froa  table  1,  the  ev  values  are: 
5.1219  by  Nell,  5.164  by  DeVore,  5.131  and  5.0475  by  Czyzak  et  al.,  aad  5.0996 
by  Feldaaa  et  al.  Clear  enough,  a  value  ia  the  neighborhood  of  5.1  aust  be  the 
correct  value  of  s  . 

NO 

The  valaes  of  s^  froa  table  2  vary  froa  8.34  to  8.9  for  cubic  ZaS,  not 

acoeptable  for  refractive  iadez  calculation.  Neither  the  available  dispersion 

equations  indicate  an  adequate  value  for  due  to  lack  of  data  beyoad  10.6  |ia 

to  provide  adequate  dispersion  to  sabstaatiate  the  physical  meaning  of  the 

parameters  of  the  infrared  term.  However,  it  is  fortunate  that  we  have  data  in 

the  100  to  600  |im  region  reported  by  Hattori  et  al.  [19].  Although  the 

dispersioa  equation  defined  by  this  data  set  predicts  a  low  value  of  for 

lack  of  dispersioa  in  the  data  set,  the  value  of  Cq  is  ia  ooacordance  with  the 

square  of  refractive  iadez  at  long  wavelength  ead  which  in  definition  is  close 

to  the  statio  dieleetrio  ooastaat.  Since  the  refractive  indez  values  in  this 

data  set  vary  from  2.95  at  100  pa  to  2.89  in  the  wavelength  range  from  300  to 

2 

600  pa,  there  is  no  question  that  the  correct  value  of  e^  aust  be  about  2.89 
or  8.35. 

Aaong  the  values  of  Xj  in  table  2,  the  values  reported  by  Manabe  et  al. 
are  chosen  to  be  the  appropriate  parameter  for  eq  (9)  for  the  reason  that  one 
of  the  values  was  observed  froa  transaission  measurement  for  evaporated  thin 
fila  which  is  a  direct  and  positive  aeans  of  determining  Xj.  Additional 
supporting  evidenoe  is  that  the  siailar  result  was  observed  by  Mathieu  aad 
Nathieu  [22]  froa  Raaan  aeasureaent.  A  correct  value  of  Xj  aust  be  within  the 
range  froa  35.46  to  36.76  pa. 
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Table  2.  Available  data  on  £  ,  £.,  and  X,  of  ZnS 

00*  u*  J 


Temp.,  K  £tt  e0  X  ,  um  Ref.  Remarks 


300 

5.7 

300 

5.7 

300 

300 

5.13 

300 

300 

4.7 

300 

300 

300 

80 

4.8 

80 

2 


8.9 

35.46,36.76 

9.6 

36.50 

8.37 

36.90 

8.34 

38.46 

32.26 

33.33 

8.7 

8.10 

38.17 

8.14 

8.04 


[16]  cubic 

[ 16 ]  hexagonal 

[24] 

[25] 

[26] 

[19] 

[27]  cubic 

[ 27 ]  hexagonal 

[28] 

[19] 

[24] 

U9] 


4.9 


38.02 
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Cirlow  ud  Iirbiki  [23]  iamti|ited  band  *  true  tar*  of  eabio  and 
kinioul  ZnS  crystals  in  tbs  spectral  region  below  0.41  pa.  It  wee  observed 
tbst  a  striking  siailarity  in  the  spectra  of  optical  constants  of  cubic  and 
hexagonal  ZnS  crystals,  indicating  a  snail  difference  in  the  arrangenent  of  the 
atone  in  the  two  aodif ications.  Although  only  snail  differences  are  observed 
in  refractive  and  absorption  indices  for  the  crystals,  there  are  sons 
differences  in  the  fine  structure  in  the  absorption  spectra.  In  all  cases  a 
weak  absorption  peak  is  looated  at  about  0.33  (in  and  a  strong  absorption  peak 
at  about  0.23  |in  followed  by  a  nunber  of  strong  peaks  at  lower  wavelengths. 
This  finding  renders  a  support  to  the  dispersion  equations  found  earlier  by 
others  where  the  effective  absorption  band  is  about  0.27  |in;  and  the  values  of 
in  eq  (9)  should  be  approximately  in  the  range  frost  0.23  to  0.27  pm  but 
closer  to  0.23  |un  to  account  for  the  effect  from  infrared  term.  This  latter 
statement  is  supported  by  the  findings  of  Ball  [34]  and  Cox  et  al.  [36]  from 
their  investigations  of  vacuum  deposited  film  in  which  they  found  that 
refractive  index  curve  has  its  maximum  at  about  0.23  pm. 

With  all  the  essential  parameters,  discussed  above,  at  hand  the  selected 
data  are  fitted  to  eq  (9)  for  the  determination  of  the  constants  A  and  B  by 
letting  the  parameters  vary  within  their  corresponding  estimated  limits.  The 
dispersion  equation  for  ZnS  at  room  temperature  thus  obtained  is 

•2  -  8.34096  ♦  ,  .  (19) 

A  -  (0.23979)  A  / 36.525-1 


where  A  is  in  units  of  pm.  Equation  (19)  is  valid  in  the  wavelength  range  from 
0.5  to  14  pm.  In  figure  3,  deviations  of  avsilable  room  temperature  dats  from 
those  calculated  from  eq  (19)  are  plotted  for  visual  comparison.  It  is  clearly 
shown  that  most  of  the  data  in  the  short  wavelength  region  are  scattered  over  a 
wide  range  as  expected  with  the  exception  of  the  data  of  Nell  [S]  and  of  Bond 
[15]  which  show  consistent  deviation  of  less  than  0.0016  and  have  the  same 
dispersion  as  that  of  eq  (19).  In  the  long  wavelength  region,  the  data  of 
Irtran  2  from  Kodak  publication  U-72  [21]  indicate  a  constant  deviation  of 
about  -0.0015  throughout  the  wavelength  range  from  1  to  13  pm  but  the  data  for 
the  same  material  reported  by  Wolfe  and  Korniski  [18]  show  a  constant  deviation 
of  about  +0.0025  in  the  region  below  10  pm  and  a  high  dispersion  in  the  region 
between  10  and  14  pm.  While  the  deviation  of  data  of  Nell  and  of  Bond  can  be 
attributed  to  the  experimental  error  and  impurity  contents  of  the  samples,  the 
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opposite  deviations  of  data  for  Irtran  2  saaples  cannot  be  accounted  for  froai 
experimental  origin.  Aa  Volfe  and  Eorniski  pointed  ont  that  it  ia  likely 
caaaed  by  the  differencea  in  the  aiaterial  froai  different  batch. 

The  eonatant  deviation  of  the  data  aeta  Mentioned  above  rendera  a  anpport 
to  the  validity  of  eq  (19)  aa  far  a  a  the  diaperaion  of  ZnS  ia  concerned. 
Regarding  the  valnea  of  refractive  index  at  room  temperature,  eq  (19)  can  be 
need  for  CVD  ZnS  froa  0.6  to  11  pa  with  uncertainty  abou*  +0 .0003  or  leaat 
out aide  thia  region  larger  uncer taint iea  of  the  order  +0.0005  are  expected  froai 
0.5  to  0.6  pa  and  +0.001  between  11  and  14  pa.  Equation  (19)  can  alao  be  uaed 
for  cubic  aingle  cryetal  of  ZnS  in  the  viaible  region  up  to  1  |ia  with 
uncertaintiea  +0.002  baaed  on  the  fact  that  data  aeaaured  by  Mali  and  by  Bond 
are  coneiatent  with  the  calculated  valnea  within  the  cited  uncertainty. 
Refractive  indicea  of  Irtran  2  can  be  very  different  for  different  aaaplea  aa 
diaeuaaed  above.  Aa  a  consequence,  eq  (19)  does  not  give  the  exact  values  of 
refractive  indices  but  with  a  constant  shift  of  the  order  of  two  units  in  the 
third  deciaal  place  in  the  region  below  10  pa. 

No  atteapt  was  aade  to  analyze  the  available  data  for  thin  filas  since 
their  refractive  property  is  affected  by  aany  factors  which  do  not  permit 
adequate  characterization.  As  a  result,  atateaents  aade  by  different 
investigators  are  often  conflicting  and  inconsistent.  The  pressure  and  type  of 
residue  gas  during  deposition,  the  teaperature  the  substrate  aaintained  during 
depoeition,  the  rate  of  deposition,  the  thickness  of  the  fila,  the  heat 
treataent  after  deposition,  and  aging  are  equally  iaportant  contributors.  In 
general,  the  refractive  index  data  of  a  fila  deposited  in  a  good  vaouua  tend  to 
be  lower  than  that  of  the  bulk  because  the  observed  date  are  actually  the 
effective  index  for  the  combination  of  ZnS  plus  possible  voids  which  can  easily 
be  observed  under  an  electron  microscope.  On  the  other  hand,  high  refractive 
index  is  obtained  for  the  films  which  are  oxidized  during  deposition  or  aging 
by  the  undesirable  residual  gas  or  physical  environaent.  However,  it  has  been 
observed  that  the  refractive  index  of  thin  film  tends  to  agree  with  the  bulk  if 
the  films  are  deposited  under  high  vacuua  on  substrates  maintained  at  elevated 
temperatures  during  deposition  and  followed  by  appropriate  annealing.  Figure  4 
shows  the  deviations  of  experimental  film  data  from  the  bulk  data  calculated 
froa  eq  (19).  Although  there  is  a  disagreement  in  the  refractive  index  values, 
aost  of  the  available  fila  data  generally  follow  a  normal  dispersion  ourve.  It 
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Figure  4.  Comparison  of  experimental  refractive  indices  of  ZnS  films  and  calculated  values  for  bulk  ZnS 
from  eq  (19).  The  calculated  values  are  represented  by  the  line  An  =  0.  Refer  to  table  A-l 
for  the  corresponding  data  sets. 


can  be  safely  said  that  a  properly  prepared  film  suple  should  have  the  sue 
dispersion  as  that  of  a  bulk  suple  though  different  in  refractive  index 
▼alues.  In  other  words,  the  deviation  should  be  nearly  a  constant  as  evidently 
indicated  in  figure  4. 

Equation  (19)  is  also  valid  in  the  wavelength  region  133-585  pa.  The 
averaged  differences  between  the  experimental  data  and  the  calculated  valuea 
are  of  the  order  of  ±0.006.  The  dispersion  in  this  region  is  rather  uall  as 
the  difference  of  two  extreme  refractive  indices  is  only  0.05S  but  the 
uncertainty  in  the  data  is  rather  large  (of  the  order  ±0.005)  as  the  data  were 
digitixed  froa  a  graph  of  low  resolution.  Under  such  condition,  the 
reliability  of  the  digitized  values  is  conpatible  with  the  calculated  ones. 
Therefore,  no  recoanended  values  in  this  region  are  given  and  the  readers  are 
referred  to  the  corresponding  digitized  data  in  table  A-l  for  their 
application. 

Literature  data  on  the  temperature-dependent  refractive  index  is  very 
scanty.  Data  reported  in  table  A-2  and  plotted  in  figure  2  are  those  of  Kell 
[8]  and  Volfe  and  Korniski  [18].  Additional  data  sets  plotted  in  figure  2  were 
derived  froa  the  dn/dT  data  reported  by  Feldaan  et  al.  [17]  (see  tables  A-3  and 
A- 4  and  figures  5  and  6).  Although  the  data  sets  by  Mell  cover  a  wide 
temperature  range  from  135  up  to  979  I,  they  cover  only  the  visible 
wavelengths.  These  data  in  the  short  wavelength  region  below  0.5  pa  are  not 
reliable  for  pure  single  crystal  as  it  contains  impurities  evidenced  by  the 
greenish  color  of  the  suple.  At  high  temperatures,  the  uncertainties  are 
expected  to  be  increased  as  the  effects  of  impurities  are  increased. 

The  data  reported  by  Volfe  and  Korniski  cover  a  teaperature  range  from 
84.9  to  295.9  K  and  a  wavelength  range  froa  1  to  14  pa  in  an  effort  to 
determine  the  dn/dT  values.  S)nce  the  claiaed  precision  of  their  aeasureaent 
is  about  ±3  x  10  in  the  refractive  index  while  the  dn/dT  value  is  in  the 
order  of  ±5  x  10  ^K  each  dn/dT  value  thus  determined  at  teaperature 
intervals  of  10  degrees  has  a  large  error  of  about  ±4  x  10-5K-1  associated  with 
it.  As  a  result,  the  large  error  aasked  the  detail  variation  of  dn/dT  with 
teaperature  and  wavelength;  only  average  values  could  be  obtained.  For  the 
wavelengths  1.0,  2.5,  7.0,  and  10.5  pa,  the  average  dn/dT  values  vary  linearly 
with  teaperature  froa  3.5  x  10-5f_1  at  100  K  to  7.6  x  lO-5!*1  at  280  K. 
Lacking  in  wavelength  variation,  these  data  are  not  suitable  for  data  analyais 
but  provide  a  rough  ooaparison. 
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Figure  5.  Experimental  and  calculated  dn/dT  of  ZnS  (wavelength  dependence) 
Refer  to  table  A-3  for  the  corresponding  data  sets. 
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Figure  6.  Experimental  and  calculated  dn/dT  of  ZnS  (temperature  dependence) 
Refer  to  table  A-4  for  the  corresponding  data  sets. 
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AltkOBik  Feldaan  et  il.  reported  only  rooa  tuperttart  refractive  index, 
their  dn/dT  data  are  quite  adequate  to  calculate  the  refractive  index  valnes  at 
other  teaperatnrea  froa  93  to  473  K.  The  dn/dT  data  were  aeaanred  by  an 
interferoaetric  technique  at  three  discrete  laser  wavelengths:  1.15,  3.39,  and 
10. 4  |ia.  The  shift  of  Fixean  interference  fringes  as  a  function  of 
teaperature,  starting  froa  rooa  teaperature,  was  observed  and  the  corresponding 
dn/dT  value  was  deterained  with  appropriate  corrections  for  theraal  expansion 
of  the  saaple  and  for  the  teaperature  variation  of  refractive  index  of  the 
aabient  air.  This  aethod  is  by  far  the  aoat  accurate  weans  in  the 
deteraination  of  dn/dT,  and  hence  used  as  the  basis  of  our  data  analysis.  It 
appears  that  eq  (18)  should  be  used  in  the  deteraination  of  the  constants. 
However,  there  are  probleas  which  have  to  be  clarified  and  solved  before  a 
least  square  fit  of  data  can  be  perforaed. 

The  first  problea  is  the  teaperature  variation  of  the  paraaeters  X^  and  X^ 

in  eqs  (13)  or  (18).  In  the  study  of  fundaaeatal  optical  absorption  edge  of 

synthetic  crystal  of  hexagonal  xinc  sulfide.  Piper  [1]  found  that  the 

decreasing  shift  of  band  gap  is  approxiaately  linearly  proportional  to 

teaperature  over  a  wide  teaperature  range.  In  terns  of  wavelength  shift,  the 

corresponding  proportional  constant  is  0.4841  x  10  *  |ia  K  1 .  This  value  is 

adopted  for  the  paraaeter  8  in  eq  (13)  in  view  of  that  X  ,  though  it  does  not 

u  u 

exactly  correapond  to  band  gap,  is  the  effective  absorption  band  and  that  the 

quoted  shift  is  saall  enough  not  to  introduce  sensitive  effect  on  the 

refractive  index  as  a  whole.  Ve  have,  therefore,  X  ■  X  .  +  ft  *  0.23979  + 

u  uO  u 

0.484  x  10  t,  where  X  n  is  deterained  at  rooa  teaperature  as  indicated  in  eq 

uu 

(19).  Experiaental  value  on  the  teaperature  shift  of  Xj  does  not  appear  to  be 
available  for  ZnS  but  that  for  ZnSe  and  ZnTe  were  aeasnred  by  LaCoabe  and  Irwin 
[82].  Based  on  the  fact  that  suoh  shift  for  the  coapounds  of  the  saae  faaily 
does  not  vary  appreciably  aaong  the  aeaber  coapounds  [5],  the  experiaental 
value  of  ZnSe,  1/XT  dX./dT  -  1.3  x  10-*!-1,  is  adopted  for  ZnS.  Froa  that,  the 
corresponding  value  of  i.e.,  dX^/dT,  for  ZnS  is  0.00475  |ia  K  using  XjQ  « 
34.525  deterained  at  rooa  teaperature  and  the  paraaeter  X^  is,  therefore, 
expressed  as  X^  -  34.525  +  0.00475  t. 

The  second  problea  is  that  the  data  cf  Feldaan  et  al.  is  available  only  up 
to  473  E  and  only  at  three  wavelengths  ».i  in  the  infrared.  The  constants 
deterained  baaed  on  these  data  nay  not  be  valid  in  the  visible  region  and/or  at 


higher  teaperatures.  To  check  the  validity  of  the  results,  data  reported  by 
Hell  must  be  in  agreement  with  the  predicted  ones.  As  pointed  out  earlier,  the 
foraer  are  expected  to  have  larger  uncertainties  at  3hort  wavelengths,  <0.50 
pa,  and  at  high  teaperatures,  >400  K. 

The  third  problea  is  the  variation  of  dn/dT  data  with  teaperatnre.  A 
carefnl  review  of  figure  6,  one  notices  that  of  all  the  three  available  data 
sets,  the  dn/dT  values  increase  aonotonically  with  teaperatnre  in  the 
teaperatnre  region  93-300  K  and  renain  essentially  as  a  constant  thereafter  up 
to  400  K.  After  that  the  dn/dT  appears  to  incxease  with  increasing  teaperatnre 
but  there  is  no  experinental  data  at  higher  teaperatures  to  ensure  such 
behavior  at  higher  teaperatures.  The  evidence  that  supports  the  continuous 
increase  of  dn/dT  versus  teaperatnre  for  ZnS  at  high  teaperatures  is  that  in 
the  case  of  ZnSe  Feldaan  et  al.  observed  the  exact  behavior  and  Nangir  and 
Hellwarth  [641  observed  that  within  the  experinental  uncertainty,  ±0.2  x 
10  3K  2,  there  is  no  variation  of  An/AT  values  in  the  teaperatnre  range  froa 
293  to  473  K  but  at  higher  temperatures  up  to  600  K  a  snail  constant  increase 
at  a  rate  of  0.5  x  10  5  per  100  E  was  observed  at  all  wavelengths.  Additional 
evidence  was  found  in  the  n  versus  T  data  by  Mell;  at  wavelengths  0.578  and 
0.619  pm  the  An/AT  values  are  found  to  be  increasing  with  teaperatnre  at  a  rate 
of  about  0.4-0. 6  x  10  5  per  100  K  in  the  temperature  range  froa  477  to  979  K. 
All  of  the  evidence  suggest  that  the  dn/dT  of  ZnS  is  continuously  increasing 
with  temperature  in  the  temperature  range  above  475  K. 

With  all  these  considerations,  a  least-squares  fit  of  dn/dT  data  to  eq 
(18)  yielded  the  following  expression  for  the  refractive  index  of  ZnS  as  a 
function  of  both  wavelength  and  temperature: 

n2(X.t)  =  E(t)  +  ~  .  (20) 

A  -A  1  AZ/AT  -1 
u  l 

where  X  is  in  units  of  pa, 

t  «  T-293  in  units  of  °K, 

X  -  0.23979  +  0.00004841  t  in  units  of  urn, 
u 

Xj  •  36.525  +  0.00475  t  in  units  of  pm, 

E(t)  -  8.34096  +  1.29107  x  10~3t  +  4.68388  x  10-7t2  -  1.31683  x  10”V 

-  6.64356  x  10"12t4, 

A(t)  -  0.14540  +  1.13319  x  10_5t  +  1.05932  x  10~8t2  +  1.06004  x  10~10t3 

-  2.27671  x  l<Tl3t4 
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B(t)  =  3.23924  +  1.09600  x  10-3t  +  4.20092  x  10_7t2  -  1.11350  x  10_9t3 
-  7.29592  x  10"12t4. 

Equation  (20)  was  ated  to  generate  the  recommended  valuer  of  the 
refractive  index  of  CVD  ZnS  and  single  crystal  ZnS  with  the  results  given  in 
tables  3  and  4  and  plotted  in  figures  7  and  8.  To  provide  visual  comparison  of 
calculated  values  with  the  experimental  data,  calculated  values  at  a  few 
specified  temperatures  and  wavelengths  are  plotted  in  figures  2  and  7  where 
excellent  agreement  is  observed.  Table  5  gives  the  calculated  dn/dT  values  for 
CVD  ZnS  based  on  the  first  derivative  of  eq  (20)  with  respect  to  T  with  the 
corresponding  curves  shown  in  figure  9.  The  calculated  room  temperature  dn/dX 
values  for  CVD  ZnS  based  on  the  first  derivative  of  eq  (20)  with  respect  to  X 
at  293  K  are  given  in  table  6  and  shown  in  figure  10. 

For  CVD  ZnS,  eq  (20)  is  valid  over  a  wavelength  range  from  0.5  to  14  pm 
and  a  temperature  range  from  93  up  to  618  E  based  entirely  on  the  available 
data  and  supporting  evidence  discussed  earlier  and  an  appropriate  extrapolation 
from  600  to  618  K.  Extrapolation  beyond  618  K  is  not  recommended  as  the 
temperature  dependent  terms  are  determined  by  empirical  fit  of  limited 
available  data  without  real  physical  meaning.  Although  outstanding  agreement 
between  Nell's  data  and  the  prediction  values  at  high  temperatures  is  observed 
(figures  2  and  7)  encouraging  extrapolation,  it  is  the  predicted  high  rate  of 
increase  of  dn/dT  at  high  temperatures  for  infrared  wavelengths  (see  figure  6} 
that  discourages  the  extrapolation  as  it  may  lead  to  erroneous  results  unless 
there  is  sufficient  supporting  evidence  in  the  high  temperature  region  to 
ensure  such  extrapolation.  For  single  crystal  ZnS,  eq  (20)  is  valid  over  a 
wavelength  region  between  0.5  to  1  pm  but  over  a  wider  temperature  range  from 
93  to  1000  K.  The  valid  wavelengths  are  limited  in  that  narrow  region  because 
of  the  fact  that  refractive  index  of  single  crystal  is  mostly  available  only  in 
the  visible  region  and  is  obtained  for  the  natural  crystal  from  whioh  dats  at 
wavelengths  <0.5  pm  are  not  reliable. 

Uncertainties  of  the  recommended  refractive  index  are  estimated  based  on 
the  standard  deviations  of  data  fit  calculations  when  reliable  data  are 
available  and/or  by  comparing  the  available  data  with  predicted  values  when 
experimental  data  in  that  region  are  either  scanty  or  having  large  errors.  For 
CVD  ZnS  in  the  reooanended  temperature  region,  the  estimated  uncertainties  are 
+.0.0003  for  wavelength  region  between  0.6  and  11  pm,  +0.0005  between  0.5  to  0.6 


Table  3.  Recommended  values  on  the  refractive  index  of  CVD  ZnS 
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Table  4.  Recommended  values  on  the  refractive  index  of  single  crystal  ZnS 
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Figure  7.  Comparison  of  experimental  and  calculated  refractive  indices  of 
ZnS  at  various  temperatures.  Refer  to  table  A-l  for  the 
corresponding  data  sets. 
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Figure  9.  Recommended  dn/dT-X-T  diagram  of  ZnS 


39 


Table  6 


Recommended  values  on  the  wavelength  derivative  of 
refractive  index  of  CVD  ZnS 


X,  ym 

dn 
"  dX’ 

10-3ym-1 

0.50 

811.2 

0.55 

558.9 

0.60 

404.2 

0.65 

303.2 

0.70 

234.1 

0.75 

185.0 

0.80 

149.1 

0.85 

122.1 

0.90 

101.4 

0.95 

85.3 

1.0 

72.5 

1.5 

21.6 

2.0 

10.4 

2.5 

6.9 

3.0 

5.7 

3.5 

5.4 

3.6a 

5.35a 

4.0 

5.4 

4.5 

5.7 

5.0 

6.1 

5.5 

6.6 

6.0 

7.2 

6.5 

7.8 

7.0 

8.4 

7.5 

9.1 

8.0 

9.8 

8.5 

10.5 

9.0 

11.3 

9.5 

12.1 

10.0 

13.0 

10.5 

13.9 

11.0 

14.8 

11.5 

15.8 

12.0 

16.9 

12.5 

18.0 

13.0 

19.3 

13.5 

20.6 

14.0 

21.9 
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pm,  and  +0.001  between  11  to  14  tun.  For  tbe  single  orystal  ZnS,  the 
uncertainty  of  +0.002  is  applied. 

Estimation  of  uncertainties  in  the  reeonaended  dn/dT  values  are  based  on 
the  resnlts  of  Feldaan  et  al.  which  are  used  to  determine  the  constants  of  eq 
(20).  Their  reported  experimental  uncertainties  are  +0.2  x  10  1  for  all  the 

three  wavelengths  investigated.  Our  least-squares  calculations  yielded 
basically  the  same  uncertainties.  Brror  bars  corresponding  to  this  value  are 
indicated  in  figures  S  and  6  where  calculations  are  compared  with  the 
experimental  data. 


Uncertainties  of  the  recommended  dn/dX  values  are  estimated  in  the 


following  manner.  Taking  the  first  derivative  of  eq  (19)  with  respect  to  X,  we 


have  -(n/X) (dn/dX) 


AqR^2  +  which  leads  to 


dX 


2 


lAoV 


♦  Ml. 


4n2R  + 
n 


4n2  tRj | 


(21) 


Based  on  the  quoted  uncertainties  for  refractive  index  of  CVD  ZnS.  it  is 
appropriate  to  adopted  fin  *=  +0.0005  for  the  evaluation  of  &(dn/dX)  for  the 

entire  wavelength  range  from  0.5  to  14  pm.  The  uncertainties  of  dn/dX  thus 

-3  -1  -3  -1  -3 

calculated  are  +5  x  10  pm  at  0.5  pm.  +4  x  10  pm  at  0.6  pm.  +2  x  10 

-1  -3  -l  —3  -i 

pm  at  1  pm.  +0.4  x  10  pm  at  5  pm.  +0.2  x  10  pm  at  10  pm,  and  +0.2  x 

10  2  pm  2  at  14  pm. 


3.2.  Zinc  Selenide,  ZnSe 

There  are  36  sets  of  experimental  data  available  for  the  refractive  index 
(wavelength  dependence  and  temperature  dependence)  of  zinc  selenide  as 
tabulated  in  tables  A- 5  and  A-6  and  plotted  in  figures  11  and  12  where  some  of 
the  data  sets  are  made  for  thin  films  or  multiple  layers  and  are  included  here 
for  the  purpose  of  comparison  and  completeness.  After  a  carefnl  review  and 
evaluation  of  the  available  data  and  associated  information,  it  was  found  that 
the  data  sets  reported  by  Marple  [48,49],  Rambauske  [50,511.  Hilton  and  Jones 
[52],  Wunderlich  and  DeShazer  [53],  Feldman  et  al.  [17],  and  Thompson  et  al. 
[54]  are  representative  of  the  available  refractive  index  for  zino  selenide  in 
the  fundamental  transparent  region  between  0.4  and  18.2  pm;  while  data  seta 
reported  by  Hattori  et  al.  [19]  are  the  only  available  data  in  the  wavelength 
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Figure  11.  Available  experimental  refractive  index  of  ZnSe  (wavelength  dependence). 
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Figure  12.  Experimental  and  calculated  refractive  index  of  ZnSe  (temperature 
dependence).  Refer  to  table  A-6  for  the  corresponding  data  sets. 
Data  sets  are  derived  from  dn/dT  data  given  in  table  A-8. 
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range  froa  83  to  1163  pa.  The  data  reported  by  Manabe  et  al.  [16]  and  by  Hadnl 
et  al.  [33,56]  are  concerning  the  characteristics  of  the  reststrahlen  region; 
and  the  data  of  Avan  et  al.  [37]  are  for  both  the  reststrahlen  and  electronic 
absorption  regions. 

For  the  purpose  of  obtaining  consistent  refractive  index  of  ZnSe  over  a 

wavelength  range  f ron  the  short-wave  transmission  Unit  set  by  the  band  gap  to 

2.5  pa,  Marple  [48,49]  carefully  aeasured  the  refractive  index  of  ZnSe  prisns 

with  iapurities  less  than  10-20  ppa.  Experimental  error  of  the  data  is  +0 .002 

or  less,  however,  the  results  for  two  ZnSe  prisas  differ  by  up  to  0.005  in  the 

wavelength  region  between  0.496  and  0.83  pa.  The  cause  of  this  difference  is 

unknown  ss  it  cannot  be  accounted  for  by  the  error  in  the  prisa  angle 

measurements  alone.  The  possible  cause  of  such  discrepancy  is  due  to  a 

difference  in  iapurity  contents  or  stoichiometric  balance  between  the  two 

prisas  as  one  showed  a  slightly  brownish  tint  when  coapared  with  the 

leaon-yellow  color  of  the  purer  ZnSe  crystal.  As  shown  in  table  7,  the 
2  2  2  2 

equation  n  «  A  +  BX  /U  -C  )  was  used  to  fit  experimental  data  for  each  prisa 
with  A,  B.  and  C  being  adjustable  parameter*.  Because  of  the  United  spectral 
range.  A,  B,  and  C  were  not  fit  the  data  with  a  .nore  realistic  theory  of  the 
dielectric  constants.  However,  the  best-fit  values  of  A,  B,  and  C  for  each  of 
the  two  prisas  indicate  a  value  of  5.90  for  the  optical  dielectric  constant  of 
ZnSe. 

Raabausfce  [30,51]  reported  refractive  index  data  over  a  spectral  band  froa 
0.400  to  0.644  pa  for  two  ZnSe  speeinens  obtained  froa  two  suppliers.  The 
orange-yellow  speciaen  froa  Aerospace  Research  Laboratory  is  of  high  purity  end 
the  results  of  which  are  aore  representative  of  pure  ZnSe;  the  yellow  specimen 
froa  Harshaw  Chemical  Co.  contains  considerable  iapurities  and  the  results  of 
which  are  quite  discrepant  froa  those  of  the  former.  Although  the  size  of 
discrepancy  in  the  transparent  region  is  less  thsn  one  unit  in  the  second 
deciaal  place,  it  is  significantly  larger  in  the  absorption  region.  For 
exaaple,  the  refractive  index  of  Harshaw  speciaen  is  2.23  at  0.4044  pa  but  2.63 
for  other  speoiaens.  Additional  data  in  the  visible  region  between  0.50  and 
0.633  pa  were  reported  by  Vunderlich  and  OeShazer  [53].  Miniaua  deviation 
method  was  used  and  experiaental  error  in  n  was  reported  to  be  ±0.002.  The 
data  were  fitted  to  a  single  tern  Sellaeier  foraula  as  gi' 
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Table  7.  Comparison  of  dispersion  equations  proposed  for  ZnSe 
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Table  7.  Comparison  of  dispersion  equations  proposed  for  ZnSe — Continued 
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In  an  effort  to  measure  refractive  index  of  polycrystalline  ZnSe  vitb  high 
precision,  Hilton  and  Jones  [32]  reported  data  for  an  Irtran  4  specimen  over  a 
wavelength  range  from  2.S  to  14  pm  at  two  temperatures,  295  and  198  K,  using 
minimum  deviation  method.  Although  the  claimed  experimental  error  is  about 
+0.0003  in  refractive  index,  the  corresponding  values  tabulated  in  table  A-5 
should  have  larger  uncertainties  as  they  were  extracted  from  a  graph.  Based  on 
the  data  obtained  at  two  temperatures,  the  average  temperature  coefficient  of 
refractive  index  at  5  pm  was  evaluated  to  be  4.8  x  10  1  comparable  with 

those  reported  in  other  studies. 

Refractive  index  of  CVD  ZnSe  were  measured  by  Feldman  et  al.  [17]  as  part 
of  the  effort  in  the  characterisation  of  high-power  laser  window  materials. 
Two  CVD  ZnSe  samples  were  measured  with  high  precision  minimum  deviation  method 
over  a  wide  wavelength  range  from  0.54  to  18.2  pm  of  laser  interest.  The 
reported  room-temperature  data  were  given  to  the  fifth  decimal  place  and  were 
fitted  to  a  three-term  Sellmeier  type  dispersion  equation  (shown  in  table  7). 
Since  the  parameters  in  their  dispersion  equation  were  not  intended  to  have 
physical  significance  but  a  mathematical  fit  to  the  observed  data,  the 
parameter  values  determined  for  these  two  samples  are  considerably  different 
though  the  difference  in  refractive  indices  at  any  wavelength  is  less  than  four 
units  in  the  fourth  decimal  place.  In  view  of  the  reported  average  absolute 
residuals  of  n  from  the  best  fit  equation  of  each  data  set,  6.2  x  10  ^  and  4.1 
x  10  5,  respectively,  the  difference  of  four  units  in  the  fourth  decimal  place 
cannot  be  accounted  for  by  experimental  errors.  The  discrepancies  in  these  two 
data  sets  must  be  of  impurity  or  crystal  defect  origin.  It  is  likely  that  an 
uncertainty  of  magnitude  ±0.0004  will  be  a  reasonable  estimate  for  reference 
data  values.  Under  such  circumstances,  either  data  set  of  Feldman  et  al.  can 
be  considered  as  representative  of  the  refraotive  index  of  ZnSe. 

The  indices  of  refraction  of  ZnSe  in  the  far  infrared  spectral  range  from 
83  to  1163  pm  were  measured  by  Hattori  et  al.  [19]  at  temperatures  2,  80,  and 
300  K.  The  results  were  described  by  a  simple  dispersion  equation,  shown  in 
table  7,  for  an  undamped  harmonic  oscillator  from  which  the  static  dielectric 
constant,  optical  dielectric  constant,  and  wavelength  of  TO  mode  phonon  were 
determined  with  least-squares  fit.  The  static  dielectric  constant  serves  as  s 
check  for  the  values  obtained  from  various  optical  methoda.  Sinoe  the  data 
were  measured  by  interference  method  and  the  value  of  e^  was  obtained  in  long 


49 


wavelength  region,  it  is  believed  to  be  reliable  and  shoald  be  adopted  as  a 
known  paraaeter  in  the  dispersion  equation  of  ZnSe. 

Nanabe  et  al.  [16]  studied  optical  constants  in  the  reststrahlen  region  by 

■cans  of  infrared  lattice  reflection  speotra  in  the  spectral  region  between  20 

and  85  |ua  and  the  spectra  were  analyzed  nsing  Drude  dispersion  relation.  The 

oscillator  strength,  N,  optical  dielectric  constant,  es,  daaping  factor,  6,  and 

wavelength  of  transverse  optical  phonon,  Xj,  in  the  Drnde  equations  (shown  in 

table  7)  were  determined  by  fit  of  reflectivity  data.  The  wavelength  of 

transverse  optical  phonon  was  also  determined  directly  fro*  transmission 

spectrum  of  an  evaporated  thin  film  and  was  found  to  agree  with  that  obtained 

from  the  reflection  spectra  analysis.  The  static  dielectric  constant,  e^,  was 

determined  by  letting  X  =  •  in  the  resulting  Drnde  equation  assuming  zero 

2  2 

absorption,  i.e.,  e^  =  n  =  +  NXj  .  Optical  constants  in  the  reststrahlen 

region  were  also  studied  by  Hadni  et  al.  [55,561  for  an  Irtran  4  sample  at 
temperatures  80  and  290  K.  The  various  parameters,  e^,  ee,  and  Xj,  were 
determined  from  analyzing  the  reflection  and  transmission  speotra  with  the 
Kramera-Kronig  relations  and  with  the  Lorentz  one-oscillator  model.  Aven  et 
al.  [57]  performed  a  similar  study  on  a  single  crystal  ZnSe  for  determining  the 
wavelength  of  optical  phonon  and  optical  dielectric  constants.  The  static 
dielectric  constant  was  determined  from  capacitance  measurements  on  a 
single-crystal  wafer.  In  addition,  the  abaorption  bands  in  the  ultraviolet 
region  were  also  observed.  The  wavelengths  of  the  observed  absorption  bands 
were  determined  at  0.459,  0.394,  0.261,  and  0.243  pm  with  the  first  one 
corresponding  the  energy  gap. 

For  the  purpose  of  ease  of  comparison,  the  above  mentioned  data  sets  for 
the  fundamental  transparent  region  are  plotted  in  figure  13.  It  is  obvious 
that  the  disagreement  among  the  data  sets  reported  by  different  investigators 
is  greater  than  the  accuracy  claimed  by  each  of  them.  Although  internal 
consistency  was  observed  in  each  investigation,  unaccounted  souroes  of  errors 
are  responsible  for  these  discrepancies. 

In  the  present  work,  eq  (9)  is  used  to  represent  the  room-temperature 
refractive  index  of  ZnSe.  The  main  problems  are  to  select  the  appropriate 
parameters,  ss,  s^,  and  Xj,  and  to  determine  the  coefficients  A,  B,  and  the 
parameters  X..  Literature  values  of  tn,  and  X.  are  very  discrepant  as 

•  •  U  i 

shown  in  table  8.  The  available  room- temperature  «,  TtU#i  Tgry  considerably 
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Comparison  of  experimental  and  calculated  refractive  index  values  of  ZnSe  at  room  temperature 
The  calculated  values  from  eq  (22)  are  represented  by  the  line  An  =  0.  Refer  to  table  A-5 
for  the  corresponding  data  sets. 


Table  8.  Available  data  on  e  ,  e0,  and  X  of  ZnSe 

00  x 


Temp . ,  K 

£co 

eo 

Xj,  Um 

Ref. 

300 

5.4 

7.6 

48.31,49.02 

[16] 

300 

9.12 

[24] 

300 

5.90 

[48] 

300 

49.26 

[58] 

300 

5.3 

8.99 

49.26 

[19] 

300 

5.75  ±  0.1 

8.1  ±  0.3 

47.69 

[57] 

300 

6.3 

9.6 

49.02,48.97 

[56] 

300 

5.4 

7.6 

48.31 

[59] 

300 

6.10 

9.2 

47.85 

[60] 

300 

46.51 

[27] 

300 

49.02 

[61] 

300 

5.86 

[21] 

300 

6.3 

[50] 

80 

5.5 

8.76 

48.31 

[19] 

80 

6.3 

9.53 

47.44 

[56] 

80 

5.4 

7.6 

47.39 

[59] 

80 

5.4 

7.6 

47.39 

[16] 

2 

5.6 

8.68 

47.62 

[19] 

52 


1 


from  5.3  to  6.3,  which  it  too  much  for  refractive  index  calculation  of 
desirable  accuracy;  one  has  to  resort  to  available  dispersion  equations  which 
were  proposed  for  visible  region  by  various  investigators.  Pros  table  7,  the 
s  values  are:  5.90  by  Marple,  5.7032  by  Vnnderlich  and  DeShaser,  and  5.925 
by  Feldman  et  al.  It  appears  that  the  seoond  value  given  above  is  somewhat  too 
low  in  comparison  with  the  others.  However,  recalling  the  narrow  wavelength 
region  coverage  in  the  work  of  Wunderlich  and  DeShaser,  one  may  reasonably 
understand  that  data  over  that  wavelength  region  do  not  have  enough  dispersion 
to  define  the  coefficients  of  a  dispersion  equation  with  certainty.  Should 
they  investigate  a  wider  spectral  region  extended  toward  short  wavelengths,  the 
corresponding  from  the  dispersion  equation  would  agree  with  the  others. 
Based  on  this  consideration,  a  value  in  the  neighborhood  of  5.91  should  be 
correct  for  eq  (9). 

The  values  of  from  table  6  vary  from  7.6  to  9.6,  far  too  large  for 
refractive  index  calculation.  None  of  the  available  dispersion  equations 
indicates  adequate  value  except  that  reported  by  Hattori  et  al.  [19]  whose 
room-temperature  measurements  covered  the  spectral  region  between  165  to 
540  pm.  By  definition,  the  value  of  equals  the  square  of  the  refractive 
index  measured  at  long  wavelengths;  in  fact,  the  values  of  refractive  index 
read  from  the  graph  are  3.063  at  156  pm  and  2.999  at  540  pm.  An  appropriate 
value  of  eQ  therefore,  approximately  9.0. 

Among  the  values  of  Xj  from  table  8,  the  values  reported  by  Manabe  et  al. 
[16]  are  chosen  to  be  the  approximate  parameter  for  eq  (9)  for  the  reasons  that 
one  of  the  values  was  determined  by  transmission  measurement  on  evaporated  thin 
film  which  is  a  direct  means  for  determining  material  properties  of  this  kind. 
Therefore,  the  value  of  Xj  must  be  within  the  range  from  48.31  to  49.02  pm. 

The  value  of  X^  is  very  uncertsin  in  that  values  based  on  available 
dispersion  equations  are:  0.325  and  0.336  pm  by  Marple  [48],  0.26522  pm  by 
Wunderlich  and  OeShaxer  [53],  and  0.192  and  0.379  pm  or  0.201  and  0.392  pm  by 
Feldman  et  al.  [17],  while  absorption  peaks  based  on  reflectivity  observation 
[57]  are  at  0.243,  0.261,  0.394,  and  0,459  pm.  It  appears,  however,  that  a 
proper  value  of  X.  should  be  around  0.3  pm. 

With  all  the  easential  parameters  as  discussed  above  at  hand  the  data  of 
Feldman  et  al.  are  fitted  to  eq  (9)  for  the  determination  of  the  constants  A 


r 
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and  B  by  allowing  the  parameters  varying  within  their  corresponding  estimated 
limits.  The  dispersion  equation  of  ZnSe  at  room  temperature  thus  obtained  is 


n  -  9.01536  + 


PJ  4-482- 


X2  -  (0.29934)2 


3^08889 


X2/48.382  -  1 


(22) 


where  X  is  in  units  of  fim.  Equation  (22)  is  valid  in  the  wavelength  range  from 
0.55  to  18  pm.  In  figure  13.  deviations  of  the  available  room  temperature  data 
from  those  calculated  from  eq  (22)  are  plotted  for  visual  comparison.  It  is 
clear  that  the  data  from  various  measurements  are  quite  different  from  the 
values  calculated  from  eq  (22).  While  most  of  the  data  of  Rambauske  [SO]  are 
considerably  lower  than  calculated  values,  those  of  Wunderlich  and  DeShazer 
[53]  are  considerably  higher  in  the  corresponding  spectral  region.  Such  vide 
discrepancies  are  of  material  origins,  and  it  appears  that  refractive  index  of 
ZnSe  is  very  sensitive  to  impurity  content  of  the  sample,  particularly  in  the 
short  wavelength  region.  To  show  such  disagreement,  a  figure  reported  by 
Rambauske  is  reproduced  in  figure  14  where  the  two  curves  obtained  for  two 
samples  of  different  impurities  disagree  with  each  other  not  only  in  absolute 
values  of  the  property  but  also  in  the  shapes  of  the  curves  particularly  in  the 
wavelength  region  below  0.5  pm  where  the  effects  of  impurity  prevail  as  the 
wavelength  corresponding  to  the  energy  gap  of  ZnSe  is  about  0.48  |im.  By 
investigating  the  sample  in  the  wavelength  region  near  the  energy  gap  or 
abaorption  edge,  the  presence  of  impurities  can  be  revealed.  From  figure  14. 
it  appears  that  sample  with  less  impurity  should  have  sharper  dispersion  curve. 
Based  on  this  consideration,  the  sample  measured  by  Wunderlich  and  DeShazer 
must  be  purer  than  those  used  by  Rambauske.  In  fact,  the  data  of  the  former 
are  in  agreement  with  the  values  calculated  from  eq  (22)  in  the  region  >0.55  |im 
below  which  absorption  becomes  significant  as  it  approaches  the  absorption  edge 
and  eq  i^i)  becomes  invalid. 

Large  discrepancies  are  observed  between  the  calculated  values  from  eq 
(22)  and  data  of  Marple  [48].  As  discussed  earlier,  not  only  the  samples 
measured  by  Marple  have  notioeable  concentration  of  a  large  variety  of 
imparities  but  also  the  results  for  these  samples  differ  by  0.005  in  most  of 
the  wavelength  region  covered,  it  is  not  surprising  to  see  the  large  departures 
of  his  data  from  eq  (22).  Comparing  with  other  measurements  it  is  revealed 
that  the  a ample s  studied  by  Marple  are  probably  of  similar  nature  as  those 
■••*»*•<  by  Rambauske  as  the  data  behave  similarly  in  the  overlapped  region. 


Although  Irtran  4  is  considered  a  polycrystalline  of  ZaSo,  its  rafcaotive 
index  is  differeat  froa  that  of  CVD  ZaSe  which  is  also  a  polyorystalline  ia 
aatare.  As  shown  in  figure  13,  dsta  froa  Eastaan  Kodak  Publication  U-72  [21] 
is  discrepant  froa  eq  (22)  by  an  aaount  up  to  0.0025  oyer  the  spectral  range 
froa  1  to  If  |ia,  beyond  which  higher  discrepancies  are  observed.  Irtran  4  data 
reported  by  Hilton  and  Jones  [32]  seea  to  be  scattered  evenly  around  the 
calculated  curve  but  this  aay  not  be  true  as  this  data  set  was  digitised  froa  a 
graph.  As  discussed  earlier  in  subsection  3.1  for  the  case  of  ZnS  that 
refractive  index  of  Irtran  2  is  quite  saaple  dependent  and  the  saae  observation 
is  expected  for  Irtran  4. 

Based  on  the  considerations  discussed  above,  it  is  concluded  that  eq  (22) 
is  valid  for  CVD  ZnSe  with  uncertainty  +0.0004  estimated  froa  the  average 
residual  of  least-square  data  fitting  and  the  highest  disagreeaent  between  the 
two  data  sets  of  Feldman  et  al. 

In  figure  13  are  plotted  the  deviations  of  fila  ZnSe  data  froa  the 
calculated  bulk  data  based  on  eq  (22).  Unlike  in  the  case  of  ZnS  where  a 
definite  trend  of  the  deviation  clearly  exists,  such  behavior  does  not  seea  to 
appear  in  figure  IS.  A  possible  reason  for  this  situation  is  that  we  have  only 
limited  data  sets  for  statistical  comparisons;  no  definite  trend  can  be 
established  at  this  tiae  for  lack  of  available  data. 

Equation  (22)  is  also  valid  in  the  wavelength  region  135-340  pa.  The 
averaged  differences  between  the  experiaental  data  and  the  calculated  values 
are  of  the  order  of  +0.003.  The  dispersion  in  this  region  is  rather  saall  as 
the  difference  of  two  extreme  refraotive  indices  is  only  0.064  but  the 
uncertainty  in  the  data  is  rather  large  (of  the  order  +0.005)  as  the  data  were 
digitised  froa  a  graph  of  low  resolution.  Under  such  condition,  the 
reliability  of  the  digitized  values  is  compatible  with  the  calculated  ones. 
Therefore,  no  reooaaended  values  in  this  region  are  given  and  the  readers  are 
referred  to  the  corresponding  digitised  date  in  table  A-5  for  their 
application. 

Literature  data  on  the  teaperature  dependent  refractive  index  of  ZnSe  is 
extreaely  scarce.  Data  given  in  table  A-6  and  plotted  in  figure  12  are 
aeasured  by  Thompson  et  al.  [54].  Additional  data  sets  plotted  ia  the  saae 
figure  were  derived  froa  the  dn/dT  data  reported  by  Feldaan  et  al  (see  tables 
A-7  and  A- 8  and  figures  16  and  17). 


dn/dT,  10~ 
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Figure  16.  Experimental  and  calculated  dn/dT  of  ZnSe  (wavelength  dependence). 
Refer  to  table  A-7  for  the  corresponding  data  sets. 


1 


i 


I 


_0T  ‘IP 


59 


Thompson  et  al.  [54]  reported  refraotive  Indices  of  two  CVD  ZnSe  specimens 
at  3.8  and  10.6  pa  over  the  temperature  range  80  to  300  K.  Values  for  the  two 
apeciaens  froa  different  batch  supplied  bp  RCA  Inc.  acre  found  to  differ  by  a 
constant  valne  of  abont  0.001  over  the  entire  teaperature  range.  This 
difference  cannot  be  accounted  for  by  the  experiaental  error  of  ±0.0002  and  the 
possible  canae  aay  be  attributed  to  difference  in  iapurity  contents  and  crystal 
defects.  Although  the  refractive  index  data  of  the  two  apeciaens  differ  by 
aore  than  the  experiaental  error,  the  teaperature  coefficients  of  refractive 
index  in  both  cases  are  equal  to  within  the  experiaental  error.  Furtheraore, 
the  dn/dT  values.  7  x  10  ^  at  3.8  pa  and  6  x  10  ^  at  10.6  jib,  show  no 

evidence  of  temperature  dependence  in  that  teaperature  region.  Froa  figure  12 
it  is  noticed  that  the  data  of  Thompson  et  al.  froa  80  to  300  I  differ 

uniformly  froa  those  of  Feldaan  et  al.  by  about  0.005  at  10.6  pa  and  by  about 

0.002  at  3.8  pa.  These  discrepancies  are  partly  due  to  difference  in  material 
and  partly  due  to  errors  in  digitizing  the  graph  given  by  Thompson  et  al.  As  a 

result,  their  data  are  not  chosen  in  data  analysis  for  their  large 

uncertainties  and  for  lacking  in  dispersion  of  dn/dT  values. 

Although  Feldaan  et  al.  reported  only  room  teaperature  refractive  index, 
their  dn/dT  data  are  adequate  to  calculate  the  refractive  index  values  at  other 
teaperatures  froa  93  to  473  K.  The  dn/dT  data  were  measured  by  an 
interferometric  technique  at  four  discrete  laser  wavelengths:  0.6328,  1.15, 
3.39,  and  10.6  pa.  It  appears  that  eq  (18)  is  to  be  used  for  the  determination 
of  the  constants  E's,  A's,  and  B's.  However,  before  a  least-square  fit  of  data 
can  be  carried  out,  the  following  considerations  have  to  be  made. 

The  teaperature  variation  of  A.a  and  Aj  in  eqs  (13)  or  (18)  can  be  defined 
using  available  literature  data  on  teaperature  shift  of  energy  gap  and  the  TO 
aode  optical  phonon.  In  the  study  of  the  theory  of  teaperature  derivative  of 
refractive  index  in  transparent  crystals,  Taay  et  al.  [5]  calculated  dw  /dT 
based  on  a  pseudopotential  aethod.  In  teras  of  wavelength  shift,  their  result 
for  ZnSe  is  dA^/dT  -  1.004  x  lO*"4  pa  K~l.  Based  on  the  fact  that  the  dX  /dT  of 
ZnS  reaaina  a  constant  over  a  wide  teaperature  range  [1],  the  saae  is  assuaed 
to  be  true  for  ZnSe.  This  value  is  adopted  for  the  parameter  X^  in  eq  (13)  in 
view  of  that  An,  though  it  is  not  exactly  corresponding  to  energy  gap,  is  the 
effective  absorption  band  and  that  the  quoted  shift  is  snail  enough  not  to 
introduce  significant  effect  on  the  refraotive  index  as  a  whole.  Ve  have. 
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therefore,  X^  -  XnQ  +  p^t  -  0.29934  +  1.004  x  10  4t,  where  X^  it  determined  et 
rooe  temperature  as  indicated  in  eq  (22).  Experimental  value  on  the 
temperature  shift  of  X^  of  ZnSe  was  fonnd  to  be  1/Xj  dXj/dT  ■  1.3  x  10  ^1  1  by 
LaCombe  and  Irwing  [82].  Using  X^  •  48.38,  the  corresponding  valne  of  pj  is 
0.00829  m*  I1  and  the  paraaeter  XT  is  Xj  -  48.38  +  0.00629  t. 

A  careful  review  of  figure  16,  one  can  discover  large  discrepancies 
occurring  at  wavelength  10.6  pa  at  which  quite  a  number  of  aeasureaents  due  to 
CO^  laser  interest  are  found.  The  large  disagreement  is  best  demonstrated  by 
the  work  of  Skolnik  and  Clark  [63]  who  measured  dn/dT  for  two  types  of  samples, 
the  Irtran  4  and  the  Raytheon  CVD  ZnSe.  They  found  the  dn/dT  value  of  the 
latter  sample  is  twice  as  much  as  that  of  the  former  though  both  samples  have 
essentially  the  same  density.  Since  the  dn/dT  of  Irtran  4  is  in  agreement  with 
that  of  other  investigators  who  reported  data  for  CVD  ZnSe,  the  Raytheon  sample 
must  be  of  very  much  different  nature  from  the  other  CVD  ZnSe  samples. 
Unfortunately,  however,  the  origin  of  such  large  discrepancy  is  not  understood 
at  present. 

A  careful  review  of  figure  17,  one  can  see  clearly  that  for  all  the  four 
curves  of  dn/dT  versus  T,  the  dn/dT  values  increase  with  T  in  the  temperature 
region  between  93  K  and  room  temperature  and  remain  practically  a  constant 
thereafter  up  to  400  K.  Above  400  K  the  dn/dT  appears  to  increase  with 
increasing  temperature.  The  increase  of  dn/dT  with  temperature  is  real  as  it 
was  also  observed  by  Nangir  and  Hellwart  [64]  that  within  the  experimental 
uncertainty,  0.2  x  10  *,  there  is  no  variation  of  An/AT  values  over  the 

temperature  range  from  293  to  473  K,  but  at  higher  temperatures  up  to  600  K,  a 
small  constant  increase  at  a  rate  of  0.5  x  10  ^  per  100  K  was  observed  at  all 
wavelengths.  Their  observation  stopped  at  600  K  and  there  is  no  experimental 
data  at  higher  temperatures  to  support  the  extrapolation  of  such  increase  above 
600  K.  However,  the  disenssion  for  the  case  of  ZnS  (subsection  3.1)  may  be 
also  valid  for  ZnSe  assuming  that  the  refractive  properties  of  members  of  the 
same  family  behave  similarly. 

Vith  all  these  considerations,  a  least-squares  fit  of  dn/dT  dats  to  eq 
(18)  yielded  the  following  expression  for  the  refractive  index  of  ZnSe  as  a 
function  of  both  wavelength  and  temperature: 


(23) 


n2(X,t) 


E(  t)  + 


A(t) 

x2-x2 

U 


B(t) 


x2/xI2-i 


whet*  X  is  in  units  of  pa. 


t  *  T-293  in  units  of  K, 

X  =  0.29934  +  0.0001004  t  in  units  of  pa, 

Q 

Xj  «  48.38  +  0.00629  t  in  units  of  |ib, 

E(t)  -  9.01536  +  1.44190  x  10-3t  +  3.32973  x  10~7t2  -  1.08158  x  10-9t3 

-  3.88394  x  10-12t4, 

A(t)  =  0.24482  +  2.77806  x  10_5t  +  1.01703  x  10~8t2  -  4.51746  x  10-11t3 
+  4.18509  x  10"13t4. 

_a  _7  2  -in  3 

B(t)  *  3.08889  +  1.13495  x  10  t  +  2.89063  x  10  t  -  9.55657  x  10  vtJ 

-  4.76123  x  10"12t4. 


Equation  (23)  was  used  to  calculate  the  recoaaended  values  of  the  refrac¬ 
tive  index  of  ZnSe  with  the  results  given  in  table  9  and  plotted  in  figure  18. 
To  provide  visual  comparison  of  calculated  values  with  the  experimental  data, 
calculated  values  of  a  few  specified  wavelengths  are  plotted  in  figure  12  where 
excellent  agreement  is  observed.  Tables  10  and  11,  respectively,  give  the  cal¬ 
culated  dn/dT  and  dn/dX  values  based  on  the  first  derivatives  of  eq  (23)  with 
respect  to  T  and  X.  The  corresponding  plots  are  shown  in  figures  19  and  20. 


Equation  (23)  is  valid  over  the  wavelength  range  from  0.55  to  18  pm  and 
the  temperature  range  from  93  to  618  K  based  on  the  available  data  and  support¬ 
ing  evidence  discussed  earlier.  Extrapolation  beyond  618  K  is  not  recommended 
as  the  temperature  dependent  terms  are  determined  solely  by  data  fitting  calcu¬ 
lations  without  any  theoretical  justification.  The  uncertainties  of  recoar- 
mended  values  are  estimated  to  be  +0.0004  over  the  entire  wavelength  and 
temperature  ranges  based  on  the  standard  deviation  of  data  fitting  had  the 
possible  discrepancies  due  to  sample  preparation  under  similar  controlled 
conditions. 


Uncertainties  in  the  recommended  dn/dT  values  are  estimated  based  on  the 
results  of  data  fitting  calculation  and  that  reported  by  Feldman  et  al.  which 
are  the  primary  source  of  the  data  for  eq  (23).  Their  reported  uncertainties 
are  +0.1  x  10~3E  3  at  all  the  four  wavelengths  investigated.  Our  calculation, 
however,  indicated  a  higher  value  of  +0.2  x  10  3I  2.  Error  bars  corresponding 
to  the  latter  are  indicated  in  figures  16  and  17  where  calculations  are 
compared  with  experimental  data. 
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Figure  18.  Rec 


ed  n-A-T  diagram  of  ZnSe. 


Table  10.  Recommended  values  (in  units  of  10“5K_1)  on  the  temperature  derivative  of 
refractive  index  of  CVD  ZnSe 


Recommended  values  (In  units  of  lO'^K"1 )  on  the  temperature  derivative  of 
refractive  index  of  CVD  ZnSe — Continued 


\[  I-  L  _ 1 _ L  1_  j_J_,  1  1  |  .1-1 

93  193  293  393 

Temperature,  K 
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Figure  19.  Recommended  dn/dT-X-T  diagram  of  ZnSe. 
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Table  11.  Recommended  values  on  the  wavelength  derivative  of 
refractive  index  of  CVD  ZnSe 


X,  ym 

dn  ,a-3,  -i 
-  dX,  10  ym 

X,  ym 

dn  in-3,|  -i 
-  dX,  10  ym 

0.55 

1117.1 

7.5 

4.5 

0.60 

769.0 

8.0 

4.8 

0.65 

556.7 

8.5 

5.1 

0.70 

418.5 

9.0 

5.4 

0.75 

323.9 

9.5 

5.7 

0.80 

256.6 

10.0 

6.1 

0.85 

207.2 

10.5 

6.4 

0.90 

170.1 

11.0 

6.8 

0.95 

141.6 

11.5 

7.2 

1.0 

119.2 

12.0 

7.6 

1.5 

32.8 

12.5 

8.0 

2.0 

14.2 

13.0 

8.4 

2.5 

8.0 

13.5 

8.8 

3.0 

5.4 

14.0 

9.3 

3.5 

4.3 

14.5 

9.8 

4.0 

3.8 

15.0 

10.3 

4.5 

3.6 

15.5 

10.8 

4.8a 

3. 58a 

16.0 

11.3 

5.0 

3.6 

16.5 

11.9 

5.5 

3.7 

17.0 

12.5 

6.0 

3.8 

17.5 

13.1 

6.5 

4.0 

18.0 

13.7 

7.0 

4.3 

Minimum  point  on  the  curve 


70 


Uncertainties  of  the  rocoanended  dn/dX  values  are  estimated  based  on  eq 
(21).  Using  fn  *  ±0.0004.  the  6(dn/dX)  valnes  are  ±4  *  10  I  at  0.6  pm,  ±2  z 
lO-3!**1  at  1  pm.  ±0.3  x  lO-3*"1  at  5  pm,  +0.2  x  lO-3!-1  at  10  pa.  ±0.1  x 
10-3K-1  at  15  pa.  and  +0.1  x  10-3C-1  at  18  pa. 

3.3.  Zinc  Tellnride.  ZnTe 

There  are  22  sets  of  experiaental  data  available  for  the  refractive  index 
of  zinc  tellnride  as  tabulated  in  table  A- 9  and  plotted  in  figure  21  where  soae 
of  the  data  sets  are  for  thin  filns  included  for  the  purpose  of  coaparison.  It 
should  be  noted  that  all  of  these  available  data  are  at  roon  temperature  except 
those  of  Hattori  et  al.  [19].  Presently,  refractive  index  data  in  the 
fundaaental  transparent  region  at  other  teaperatures  are  not  yet  available.  As 
a  result,  our  data  analysis  is  limited  to  room  temperature.  Refractive  index 
of  bulk  ZnTe  in  the  tranaparent  region  are  reported  by  Aten  et  al.  [72], 
Shiozawa  et  al.  [73-75.78.79],  Marple  [48],  and  Horikoshi  [80].  Data  sets 
reported  by  Hattori  et  al.  [19]  are  the  only  available  data  in  the  far  infrared 
wavelength  range  from  about  102  to  583  pm.  The  data  reported  by  Manabe  et  al. 
[16]  and  by  Hadni  et  al.  [55,56]  concerns  with  the  characteristics  of  the 
reststrahlen  region;  and  the  data  of  Cardona  [77]  are  in  the  electronic 
absorption  region. 

In  an  effort  to  study  the  direct  and  phonon-assisted  optical  transitions 
in  zinc  tellnride,  Aten  et  al.  [72]  measured  refractive  index  over  a  wavelength 
range  from  0.56  to  2.34  pm  to  determine  the  necessary  parameter  to  correlate 
the  energies  of  longitudinal  and  transverse  phonons.  Although  the  refractive 
index  data  were  obtained  with  the  minimum  deviation  method  for  a  sample  of  very 
low  impurity  concentration,  this  data  set  listed  in  table  A- 9  are  expected  to 
have  uncertainties  in  the  second  decimal  place  for  they  were  digitized  from  a 
graph. 

Shiozawa  et  al.  [73-75,78,79]  reported  two  sets  of  data  for  synthetic 
orystals  of  ZnTe  measured  with  minimum  deviation  method.  The  first  data  set 
was  observed  over  the  visible  region  for  a  small  sample  of  apparent  impurities. 
The  results  were  considered  as  preliminary  and  were  plotted  in  the  form  of 
l/(n  -1)  vs  1/X  in  order  to  test  the  form  of  the  dispersion.  The  measured 
values  did  fall  on  a  straight  line  in  the  plot,  but  the  predicted  value  of  8.24 
for  optical  dielectric  constant  is  much  higher  than  that  for  purer  samples. 


H.O 


Wavelength,  ym 

Figure  21.  Available  experimental  refractive  index  of  ZnTe  (wavelength  dependence). 
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The  second  set  was  obtained  over  an  extended  wavelength  range  fro*  0.569  to 
1.515  |m  for  a  purer  crystal,  containing  sons  twinning,  cnt  fron  a  boule  grown 
by  snbliaation  nethod.  The  reported  uncertainty  of  the  refractive  index 
aeasureaents  is  ±0.002.  The  optical  dielectric  constant  predicted  by  this  data 
set  is  7.26  ±  0.03,  in  good  agreeaent  with  other  literature  values. 

For  the  purpose  of  obtaining  consistent  refractive  indices  of  ZnTe  over  a 
wavelength  range  fron  the  short-wave  transaission  liait  set  by  the  band  gap  to 
2.06  |ua,  Marple  [48,49]  aeasured  the  refractive  index  of  two  ZnTe  saaples  with 
a  variety  of  iapurities,  of  the  order  10-20  ppa,  grown  by  snbliaation  in  argon 
ataosphere.  Experiaental  error  of  the  data  is  ±0.003  or  less)  the  results  for 
two  prisas  differ  by  up  to  0.003  in  the  entire  wavelength  region  consistently 
within  the  possible  eoabined  experiaental  error  for  the  two  sets  of  data.  As 
shown  in  table  12,  the  equation  n2  =  A  +  BX2/ (X2-C2)  was  used  to  fit 
experiaental  data  for  each  prisn  with  A,  B,  and  C  being  adjustable  paraaeters. 
Beoanse  of  the  liaited  spectral  range.  A,  B,  and  C  were  not  fitted  to  the  data 
with  a  aore  realistic  theory  of  the  dielectric  constants.  However,  the 
best-fit  values  of  A,  B,  and  C  for  each  of  the  two  prisas  indicate  an  average 
value  of  7.28  for  the  optical  dielectric  constant  of  ZnTe. 

Siailar  to  Marple's  work,  Horikoshi  et  al.  [80]  aeasured  refractive  index 

of  ZnTe  saaples  containing  detectable  iapurities  of  the  order  of  100  ppa.  The 

crystals  were  grown  by  a  vapor  phase  technique  in  a  vacnua  or  an  argon 

ataosphere  or  were  grown  fron  a  aelt.  The  average  values  of  refractive  index 

2 

by  ainiaua  deviation  nethod  were  fitted  to  an  equation  of  the  fora  of  n  =  A  + 
B/O^-C2)  as  given  in  table  12.  Although  the  experiaental  error  is  not 
reported  with  the  data,  it  is  likely  to  be  of  the  order  ±0.01  est lasted  fron 
their  graphical  presentation.  Vhen  conpared  with  the  data  reported  by  other 
investigators  it  is  revealed  that  their  saaples  correspond  closely  to  one  of 
the  saaples  aeasured  by  Marple  as  evidenced  by  close  agreeaent  of  the  constants 
A,  B,  and  C  in  the  dispersion  equations  (see  table  12).  For  the  purpose  of 
ease  of  coaparison,  the  differences  between  the  above  nentioned  data  sets  and 
the  reooaaended  values  for  the  transparent  region  are  plotted  in  figure  22. 

The  indices  of  refraction  of  ZnTe  in  the  far  infrared  spectral  range  froa 
102  to  584  pa  were  aeasured  by  Hattori,  et  al.  [19]  at  teaperatures  2,  80,  and 
300  K.  The  results  were  described  by  a  simple  dispersion  equation,  shown  in 
table  12,  for  an  undaaped  haraonio  oscillator  froa  which  the  static  dielectric 


Table  12.  Comparison  of  dispersion  equations  proposed  for  ZnTe 
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at  290  K:  =  6.2,  e0  = 

56.5  ym,  and  6  -  0.075; 


Table  12.  Comparison  of  dispersion  equations  proposed  for  ZnTe — Continued 
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Comparison  of  experimental  and  calculated  refractive  index  values  of  ZnTe  at  room  temperature. 
The  calculated  values  from  eq  (24)  are  represented  by  the  line  An  ■  0.  Refer  to  table  A-9  for 
the  corresponding  data  sets. 
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eo&ittBt,  optical  dieleotrio  constant,  and  wavelength  of  TO  aode  phonon  were 
deteneined  with  least-squares  fit.  The  static  dielectric  constant  serves  as  a 
check  for  the  valnes  obtained  from  other  reports.  Since  the  data  were  sieasnred 
by  interference  aethod  and  the  valne  of  Sq  was  obtained  in  long  wavelength 
region,  it  is  believed  to  be  reliable  and  should  be  adopted  as  a  known 
paraaeter  in  the  dispersion  equation  of  ZnTe. 

Manabe  et  al.  [16]  studied  optical  constants  in  the  reststrahlen  region 
by  aeans  of  infrared  lattice  reflection  spectra  in  the  spectral  region  between 
20  pa  and  85  pa  which  were  analyzed  using  Drude  dispersion  relation.  The 
oscillator  strength,  N,  optical  dielectric  constant,  e^,  daaping  factor,  6,  and 
wavelength  of  transverse  optical  phonos,  Xj,  in  the  Drude  equations  (shown  in 
tables  12  and  13)  were  determined  by  least-squares  fit  of  reflectivity  data. 
The  wavelength  of  transverse  optical  phonon  was  also  determined  directly  from 
transmission  spectrum  of  an  evaporated  thin  film  and  was  found  to  agree  with 
that  obtained  from  the  reflection  spectra  analysis.  The  static  dielectric 

constant,  s.,  was  determined  by  letting  X  =  ®>  in  the  resulting  Drude  equation 

w  2  2 
assuming  zero  absorption,  i.e.,  eA  -  n  =  e  +  NX_  .  Optical  constants  in  the 

o  •  1 

reststrahlen  region  were  also  studied  by  Hadni  et  al.  [55,56]  for  ZnTe  pellet 

sample  at  temperatures  80  and  290  I.  The  various  parameters,  e„,  e  ,  and  X,, 

0  •  I 

were  determined  from  analyzing  the  reflection  and  transmission  spectra  with  the 
Kramers-Kronig  relations  and  with  the  Lorentz  one-oscillator  model  as  shown  in 
table  12.  Cardona  [77]  investigated  the  optical  properties  in  the  ultraviolet 
region  for  the  determination  of  the  optical  dielectric  constant,  using  Penn's 
model,  based  on  the  observation  of  the  peak  positions  in  the  ultraviolet 
spectra  of  various  properties.  The  value  of  7.2,  determined  from 
reflectivity  peaks  agree  well  with  those  from  dispersion  equations  of  other 
investigators. 

From  the  brief  review  of  the  available  data  sets  given  above,  it  is  clear 

that  the  correot  values  of  the  parameters  Sq,  tm,  and  X^  for  eq  (9)  are  about 

9.92,  7.26,  and  56.5  |ua,  respectively.  Decision  remains  to  be  made  is  in 

choosing  the  reliable  data  for  the  determination  of  the  constants  A,  B,  and  X  . 

u 

Although  it  is  noted  in  the  case  of  ZnSe  that  the  data  sets  reported  by  Narple 
are  not  only  discrepant  significantly  from  the  measurements  of  other 
investigators  but  also  lacking  in  internal  consistency  for  different  samples 
because  of  difference  in  impurity  contents.  Although  the  ZeTe  samples  measured 
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Table  13.  Available  data  on  e  ,  e0l  and  of  ZnTe 

CO  w  | 


Temp . ,  K 

£oo 

£o 

Xj,  pm 

Ref. 

300 

6.7 

9.1 

56.50,55.87 

[16] 

300 

10.10 

[24] 

300 

7.28 

[48] 

300 

56.34 

[83] 

300 

6.0 

9.92 

55.56 

U9] 

300 

6.2 

8.3 

56.50 

[56] 

300 

6.7 

9.1 

56.50 

[59] 

300 

52.63 

[27] 

300 

56.50 

[61] 

300 

7.26 

179} 

300 

18.6 

[84] 

300 

10.1 

[85] 

80 

6.2 

9.65 

52.63 

[19] 

80 

6.1 

8.3 

55.34 

[56] 

80 

6.7 

9.1 

55.56 

[59] 

80 

6.7 

9.1 

55.56 

[16] 

2 

6.3 

9.63 

52.08 

[19] 
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by  bin  bar*  inpurity  levels  ss  auch  ss  in  bis  ZnSe  staples.  It  is  found  that 
tbe  refractive  index  of  ZnTe  is  not  so  sensitive  to  iapority  contents  as  in  tbe 
oase  of  ZnSe  staples,  Tbe  first  evidence  is  that  tbe  two  sets  of  data  reported 
by  Marple  for  different  staples  agree  vitbin  tbe  experiaental  error;  tbe  second 
is  that  tbe  data  by  Sbiozava  et  al.,  tbongb  for  staples  having  crystal  defects 
of  different  nature,  agree  with  data  by  Marple  vitbin  the  errors  coabined, 
i.e.,  +0.005.  Additional  evidence  vas  observed  froa  the  data  of  Horikoshi  et 
al.  (80],  whose  staple  had  iapnrities  five  tiaes  higher  than  that  used  by 
Marple,  and  yet  the  data  agree  vitbin  tbe  experiaental  uncertainties.  Based  on 
the  consideration  given  above  and  its  vide  spectral  coverage,  the  data  set  by 
Marple  vas  taken  as  the  basis  for  the  data  fitting  calculation. 

The  selected  data  set  is  nuaerically  fitted  to  eq  (9).  Since  the 
available  data  is  liaited  to  tbe  region  between  0.57  and  2.6  pa  while  the 
transparent  region  of  ZnTe  extends  np  to  over  30  pn,  it  is  necessary  to  hold 
the  paraaeters  sQ  and  Xj  at  fixed  values,  9.92  and  56.5  pa.  This  vas 
confidently  done  because  in  the  cases  of  ZnS  and  ZnSe,  the  best-fit  values  of 
and  Xj  are  found  in  close  agreeaent  with  the  selected  literature  values.  It 
is  reasonable  to  assuae  that  uncertainties  in  these  types  of  calculation  can  be 
held  to  ainiaua  as  long  as  the  paraaeter  values  for  ZnTe  coae  froa  the  saae 
sources.  The  constants  A,  B,  and  X^  are  then  deterained  by  least-square  fit. 
The  dispersion  equation  for  ZnTe  at  rooa  teaperature  thus  obtained  is 

n2  .  9.92  +  -  +  --M»W  (24) 

X2  -  (0. 37766;  X2/ 56. 52  -  1 

vhere  X  is  in  units  of  |ia.  Equation  (24)  is  valid  in  the  wavelength  range  froa 
0.57  to  30  |ia.  In  figure  22,  deviations  of  available  data  in  the  fur.daaenval 
transparent  region  froa  those  calculated  froa  eq  (24)  are  plotted  for  visual 
comparison  in  which  a  data  set  for  fila  froa  Bausch  and  Loab  Inc.  [76]  is  also 
included.  It  is  interesting  to  note  that  as  far  as  the  dispersion  is  concerned 
the  data  set  froa  Bausoh  and  Loab  Ino.  is  consistent  with  eq  (24)  in  the 
spectral  range  froa  2  to  20  pa;  large  departure  is  observed  at  1  pa  and  beyond 
20  pa.  A  careful  exaaination  of  the  data  froa  ref.  [76],  one  can  find  that  the 
reported  data  at  wavelengths  >20  pa  are  questionable.  To  Bake  the  point  clear, 
the  concerned  graph  froa  ref.  [76]  is  reproduced  in  figure  23  for  ease  of 
discussion;  vers  the  largely  deviated  data  point  at  the  upper  right  of  the 
figure  aot  included,  the  curve  in  the  wavelength  region  >20  pa  would  be 
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considerably  lowered  end  dlepersioa  la  that  region  woald  likely  be  eoaaleteat 
with  that  of  eg  (24).  The  largely  deviated  data  point  wa*  either  aeasured  with 
wary  large  aaoertaiaty  or  originated  froa  aoae  unknown  aechanisas.  At  any 
rate,  the  departure  froa  consistent  dispersion  behavior  shown  in  figure  23  is 
siaply  attributed  to  the  decision  aade  by  the  investigators  on  the  shape  of  the 
curve.  Other  fila  data  sets  shown  in  figure  24  seea  to  support  that  fila  has 
noraal  dispersion  as  its  corresponding  bulk  arterial. 


Equation  (24)  was  used  to  calculate  the  recoaaended  values  of  the 
refractive  index  of  ZnTe  at  rooa  tenper store.  The  recoaaended  values  are  given 
in  table  14  and  plotted  in  figure  25  together  with  the  experiaentsl  data  sets 
discussed  before.  Uncertainties  in  the  calculated  values  are  estiaated  as 
follows.  In  the  wavelength  region  between  0.57  to  2.6  pa,  the  estiaated 
uncertainties  are  ±0.003  based  on  the  uncertainties  reported  by  Marple.  In  the 
region  between  2.6  and  15  pa,  larger  uncertainties  of  the  order  ±0.005  are 
estiaated  because  there  is  no  experiaentsl  data  available  at  wavelengths  >2.6 
pa.  Since  the  dispersion  in  this  region  is  low,  the  uncertainties  should  not 
be  very  auch  different  froa  Marple' s  data.  In  the  region  between  15  and  30  pa, 
larger  uncertainties  are  expected  as  the  dispersion  increases  as  the  wavelength 
increased  becoaing  closer  to  the  reststrahlen  region.  The  estiaated  upper 
liait  of  uncertainties  in  this  region  can  be  calculated  froa  the  expression 


BX2 


AX. 


+An  “  0.005  + 


2nXI3(X2/XI2-l)2 


(25) 


where  AXj  -  0.63  corresponds  to  the  difference  of  the  two  possible  values 
reported  by  Manabe  [16]  (see  table  13).  Froa  this  expression,  the 
uncertainties  in  n  are  ±0.0056  at  17  pa,  ±0.00059  at  20  pa,  ±0.0067  at  25  pa, 
and  ±0.0082  at  30  pa. 

Equation  (24)  is  also  valid  in  the  wavelength  region  184-541  pa.  The 
averaged  differences  between  the  experiaentsl  data  and  the  calculated  values 
are  of  the  order  of  ±0.009.  The  dispersion  in  this  region  is  rather  saall  as 
the  difference  of  two  extreae  refraotive  indices  is  only  0.059  but  the 
uncertainty  in  the  data  is  rather  large  (of  the  order  ±0.005)  as  the  date  were 
digitised  froa  a  graph  of  low  resolution.  Under  such  condition,  the 
reliability  of  the  digitized  values  is  eoapatible  with  the  calculated  ones. 
Therefore,  no  recoaaended  values  in  this  region  are  given  and  the  readers  are 


Figure  24.  Comparison  of  experimental  refractive  indices  of  ZnTe  films  and  calculated  values  for  bulk 
ZnTe  from  eq  (24).  The  calculated  values  are  represented  by  the  line  An  =  0.  Refer  to 
table  A-9  for  the  corresponding  data  sets. 
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Table  14.  Recommended  values  on  the  refractive  index  and  its  wavelength 
derivative  of  ZnTe  at  293  K 


X,  vim 

n 

dn  in-3— l 

-  ^ ,  10  ym 

X,  ym 

n 

^  1 n“ 3 . .  - 1 

-  dX,  10  ym 

0.55 

3.153 

2902.4 

13.5 

2.670 

4.8 

0.60 

3.040 

1776.8 

14.0 

2.667 

5.0 

0.65 

2.967 

1189.7 

14.5 

2.665 

5.2 

0.70 

2.917 

846.0 

15.0 

2.662 

5.4 

0.75 

2.880 

628.4 

15.5 

2.659 

5.7 

0.80 

2.853 

482.3 

16.0 

2.656 

5.9 

0.85 

2.831 

380.0 

16.5 

2.653 

6.2 

0.90 

2.814 

305.6 

17.0 

2.650 

6.4 

0.95 

2.801 

250.1 

17.5 

2.647 

6.7 

1.0 

2.789 

207.7 

18.0 

2.643 

7.0 

1.5 

2.736 

53.0 

18.5 

2.640 

7.3 

2.0 

2.719 

21.6 

19.0 

2.636 

7.6 

2.5 

2.711 

11.3 

19.5 

2.632 

7.9 

3.0 

2.706 

6.9 

20.0 

2.628 

8.2 

3.5 

2.704 

4.8 

20.5 

2.624 

8.6 

4.0 

2.701 

3.7 

21.0 

2.620 

8.9 

4.5 

2.700 

3.1 

21.5 

2.615 

9.3 

5.0 

2.698 

2.8 

22.0 

2.610 

9.7 

5.5 

2.697 

2.7 

22.5 

2.605 

10.1 

6.0 

2.696 

2.6 

23.0 

2.600 

10.5 

6.1a 

2.6a 

23.5 

2.595 

10.9 

6.5 

2.694 

2.6 

24.0 

2.589 

11.4 

7.0 

2.693 

2.7 

24.5 

2.584 

11.9 

7.5 

2.692 

2.8 

25.0 

2.577 

12.4 

8.0 

2.690 

2.9 

25.5 

2.571 

12.9 

8.5 

2.689 

3.0 

26.0 

2.565 

13.5 

9.0 

2.687 

3.1 

26.5 

2.558 

14.1 

9.5 

2.686 

3.3 

27.0 

2.550 

14.7 

10.0 

2.684 

3.4 

27.5 

2.543 

15.3 

10.5 

2.682 

3.6 

28.0 

2.535 

16.0 

11.0 

2.680 

3.8 

28.5 

2.527 

16.8 

11.5 

2.678 

4.0 

29.0 

2.518 

17.5 

12.0 

2.676 

4.2 

29.5 

2.509 

18.4 

12.5 

2.674 

4.3 

30.0 

2.500 

19.2 

13.0 

2.672 

4.6 

aMlnlmum  point  on  the  dn/dX  curve. 
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Figure  25.  Recommended  refractive  index  of  ZnTe  at  293  K 


referred  to  the  corresponding  digitized  data  in  table  A-9  for  their 
application. 

Dnoertaintiea  of  the  reooaaended  dn/dX  values  are  eat lasted  baaed  on  eq 

(21).  Uaing  ftn  -  +0.005,  the  Mdn/dX)  Tairas  are  +42  x  10~  pa  1  at  0.7  pm, 

+24  x  10"3  pa-1  at  1  pa,  +4  x  10-3  pa-1  at  5  pa,  +2  x  10  3  pa  3  at  10  pa,  +1  x 
”  —a  _i 

10  pa  in  the  range  froa  15  to  30  pa. 

4.  Discussions  and  Co noluaioaa 

Experiaental  data  on  the  refractive  index  of  zino  chaloogenides  and  its 
teaperature  derivative  were  exhaustively  surveyed  and  reviewed  and  reooaaended 
values  for  these  aaterials  were  generated  based  on  the  available  data.  Since 
the  state  of  art  of  the  refractive  index  of  each  of  these  aaterials  has  not 
been  well  defined,  our  recoaaendations  should  be  considered  at  best 
representing  the  average  values  of  seleoted  data  sets.  Many  factors  are  known 
to  influence  the  accuracy  of  the  results  of  refractive  index  deteraination. 
Two  aost  iaportant  ones  are  the  aethod  need  and  the  oharaoteristiea  of  the 
speciaen.  Although  the  ainiaua  deviation  aethod  is  known  to  be  the  aost 
acourate  way  in  deteraining  the  refractive  index  whioh  in  aany  caaes  are 
reported  to  the  fifth  deciaal  place,  this  reprodueiblity  is  applicable  only  for 
a  given  speciaen  on  a  given  set  of  apparatus.  For  different  speoiaens  even 
froa  the  saae  batch,  the  reproduo ibility  of  this  aethod  is  at  aost  in  the 
fourth  deciaal  place  as  the  properties  of  the  aaterials  are  influenced  by  aany 
faotors  which  are  especially  effective  in  the  seaiconductors.  Aaong  other 
things,  the  single  aost  iaportant  faotor  is  the  iapurity  contents  of  the 
speciaen.  Although  this  is  a  well  known  source  of  error,  unfortunately,  this 
very  piece  of  inforaation  is  usually  not  reported.  As  a  consequence, 
discrepanoiea  aaong  the  available  data  cannot  be  reasonably  resolved. 

The  eapirioal  dispersion  equations,  eqs  (21)  and  (23),  used  to  generate 
reooaaended  values  of  ZnS  and  ZnSe  are  both  wavelength  and  teaperature 
dependent.  At  a  given  teaperature,  the  wavelength  dependent  equation  is 
reduced  to  a  Sellaeier  type  foraula  widely  used  to  represent  refractive  index 
in  the  fuadaaentsl  transparent  region.  At  a  given  wavelength,  however,  the 
teaperature  dependent  is  siaqply  a  fourth  degree  polynoaial  function  of 
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teuqperature.  This  is  doss  hsre  for  the  lsck  of  reliable  data  of  vide 
wavelength  and  temperature  coverage  and  the  lack  of  understanding  of  the  real 
physical  processes  of  optioal  properties  of  the  naterials  under  consideration. 
The  majority  of  reported  dn/dT  aeasureaents  has  been  centered  in  a  temperature 
region  around  the  rooa  teaperature  which  is  coincidentally  a  teaperature  range 
over  which  the  dn/dT  is  least  dispersive.  As  a  result,  all  reports  nade  a 
com on  stateaent  that  within  the  experiaental  error,  the  dn/dT  does  not  vary 
with  teaperature.  Such  observation  has  been  misleading  theoretical  studies  in 
the  interpretation  of  dn/dT  data  in  which  all  assumed  that  dn/dT  is  relatively 
independent  of  teaperature  over  a  fairly  wide  teaperature  range,  that  the 
contributions  to  dn/dT  (in  the  transparent  region)  from  lattice  are  negligible, 
thus  the  variation  of  occupation  number  of  phonon  is  not  accounted  for.  In 
reality,  however,  the  dn/dT  does  vary  appreciably  with  teaperature  and  the 
lattice  torn  does  have  significant  contribution  particularly  at  long 
wavelengths,  10.6  pa  for  exaaple,  as  discussed  in  the  cases  of  ZnS  and  ZnSe. 
Referring  to  figures  6  and  16,  the  aonotonic  increase  of  dn/dT  with  increasing 
teaperature  in  the  region  >400  K  is  real  as  supported  by  the  data  of  other 
invostigatora.  The  physical  aechanisa  of  such  behavior  is  not  known}  perhaps 
the  theory  of  aultiphomon  process  aay  throw  a  light  to  what  really  happened. 
However,  such  theoretical  treatments  do  not  appear  to  exist.  Presently,  the  n 
and  dn/dT  data  can  only  be  best  presented  by  the  polynomial  functions  proposed 
in  this  work. 

It  should  be  pointed  out  that  the  dispersion  equation  proposed  in  this 
work  takes  case  both  the  refractive  index  data  and  the  dn/dT  data;  in  other 
words,  n  and  dn/dT  aaintain  a  relation  of  integration  and  differentiation. 
Depending  on  the  quality  and  type  of  available  data,  the  constants  in  the 
dispersion  equation  can  be  determined  through  either  expressions.  As  a 
oontrast  comparison,  the  other  investigators  treat  n  and  dn/dT  data  separately; 
each  is  desoribed  by  an  equation  formulated  froa  different  starting  point.  As 
a  result,  there  is  no  bridge  between  n  and  dn/dT  expressions. 

It  is  noted  that  the  present  work  relies  hesvily  on  the  data  of  Feldaan  et 
al.  for  their  high  accuracy.  Unless  we  axe  satisfied  with  the  situation  of 
available  data  which  do  not  coves  wide  enough  range  of  teaperature  for 
providing  snffioient  aaterial  for  theoretical  studies  and  do  not  have  enough 
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reliable  data  aeta  for  independent  cheeking  of  the  consistency  of  aeleoted  data 
sets,  eeriona  conaiderationa  ahonld  be  taken  to  carry  oat  a  ay at emetic 
measurement  program  with  the  following  oonaiderationa: 


1.  Experimental  method.  Because  minimum  deviation  method  is  not  auitable 
for  the  determination  of  high  accurate  refractive  index  at  either  high 
or  low  temperatures,  it  is  strongly  felt  that  the  counting  of 
interference  fringe  shift  as  a  function  of  temperature  should  be  able 
to  yield  desirable  results.  In  this  method,  the  sensitivity  depends 
on  the  order  of  interference.  In  order  to  obtain  high  acouraoy,  thick 
plate  specimens  should  be  used. 

2.  Sample  characterization.  As  the  impurity  content  of  the  sample 
strongly  affect  the  refractive  index,  the  impurities  in  the  sample 
should  be  ascertained  and  reported.  Merely  reporting  the  eleotrical 
resistivity  or  carrier  concentration  of  the  sample  is  not  adequate. 
The  nature  and  amount  of  impurities  should  specifically  be  reported. 
In  order  to  see  the  effeots  of  impurities  on  the  refractive  index, 
measurement  should  be  carried  out  for  a  group  of  specimens  with 
systematically  controlled  impurities. 


3.  Environmental  control.  Since  the  temperature  coefficient  of 

refractive  index  of  zinc  chalcogenides  are  rather  high,  in  the  order 
of  5  x  10~3  to  10~4k~1,  the  temperature  of  the  sample  must  be 
carefully  controlled  to  achieve  the  required  aoeuracy. 


In  concluaion,  it  should  be  emphasized  that  the  present  work  does  not 
resolve  the  discrepancies  among  the  available  data  sets,  it  simply  re coamends 
the  most  probable  values  of  the  refractive  index  that  pure  ZnS.  ZnSe,  and  ZnTe 
may  have  with  the  quoted  uncertainties.  Also,  it  should  be  noted  that,  as  in 
any  statistical  study  of  this  type,  the  dispersion  equations,  eqs  (21),  (23), 
and  (24),  are  valid  to  the  reported  accuracy  only  within  the  region  of 
experimental  data.  In  general,  extrapolation  of  these  equations  for  use 
outside  of  this  region  is  invalid  for  quantitative  results.  Finally,  the  type 
of  analysis  presented  here  assumes  the  data  to  be  an  absolutely  correct 
representation  of  the  model  at  hand,  which  is  not  generally  true  since  the 
model  is  an  oversimplification  of  the  true  dispersion  relation.  However,  for 
predictive  purposes,  based  upon  the  experimental  data  from  several  authors,  and 
within  the  usable  region  of  the  data,  we  believe  that  these  equations  are  valid 
for  calculation  of  the  refractive  index  in  the  given  wavelength  and  temperature 
regions. 
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APPENDIX 

The  ttblti  laclsiid  in  th*  Appendix  in  miltbl*  experiaeatal  data 
eoapiled  dmsias  th«  soars*  of  th«  preseat  work.  Tks  oollootod  iaforaatioa 
covers  tks  reported  works  ia  the  last  57  pears  froa  1923  to  19S0. 

The  tables  (ire  for  each  data  set  the  following  iaforaatioa:  the 
referemoe  aaaber,  aathor's  aaae  (or  asaes) ,  pear  of  pabl lost ion,  wavelength 
zeage,  teaperatare  range,  the  pertinent  description  aad  oharacterisatioa  of  the 
speeiaen,  and  iaforaatioa  oa  aeasareaant  conditions  eoataiaed  ia  the  original 
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.Table  A-l.  Experimental  data  on  the  refractive  index  of  zinc  sulfide  (wavelength  dependence) 

;  (Temperature,  T,  K;  wavelength,  X,  pm;  refractive  index,  n) 

Data 

set 

X 

n 

Specifications  and  remar ka 

Author (s),  year  (ref.] 

i 

(T-193  JC) 

Natural  crystal;  clear  green  sphalerite; 

Noll,  M.,  1923  IS) 

0.437 

2.4791 

prismatic  specimens  of  apex  angles  about  22* 

0.4938 

2.4183 

to  25*;  refractive  Indices  were  determined 

0.5487 

2.3810 

by  the  minimum  deviation  method;  data  were 

0.5793 

2.3666 

extracted  from  a  table;  uncertainties  less 

0.6191 

2.3508 

than  0.001  in  refractive  Index  value. 

2 

(T-273  K) 

Natural  crystal;  clear  green  sphalerite; 

Mell,  M.,  1923  [8] 

0.4162 

2.5214 

prismatic  specimens  of  apex  angles  about  22* 

0.4263 

’  2.5037 

to  25*;  refractive  indices  were  determined 

0.4364 

2.4876 

by  the  minimum  deviation  method;  data  were 

0.4466 

2.4731 

extracted  from  a  table;  uncertainties  less 

0.4567 

2.4605 

than  0.001  in  refractive  index  value. 

0.4668 

2.4486 

0.4770 

2.4379 

0.4871 

2.4290 

1 

0.4973 

2.4204 

0.5074 

2.4123 

1 

0.5176 

2.4048 

I 

0,5277 

2.3982 

V..5379 

2.3918 

i 

i 

0.5481 

2.3855 

0.5583 

2.3802 

i 

0.5684 

2.3751 

i 

0.5786 

2.3705 

1 

0.5888 

2.3657 

i 

0.5990 

2.3622 

0.6092 

2.3579 

] 

0.6194 

2.3547 

0.6297 

2.3513 

1 

0.6399 

2.3474 

1 

0.6501 

2.3445 

i 

0.6604 

2.3417 

0.6706 

2.3391 

l 

i 

0.6808 

2.3364 

1 

1 

0.6911 

2.3341 

i 

i 

0.7013 

2.3315 

i 

0.7116 

2.3283 

0.7218 

2.3265 

0.7320 

2.3248 

3 

(T-293  K) 

Natural  crystal;  clear  green  sphalerite; 

Moll,  M.,  1923  (81 

0.4162 

2.5240 

prismatic  specimens  of  apex  angles  about  22* 

0.4263 

2.5063 

to  25°;  refractive  indices  were  determined 

0.4364 

2.4911 

by  the  minimum  deviation  method;  data  were 

0.4466 

2.4760 

extracted  from  a  table;  uncertainties  less 

0.4567 

2.4635 

than  0.001  In  refractive  Index  value. 

0.4668 

2.4523 

0.4770 

2.4416 

0.4871 

2.4319 

0.4973 

2.4230 

0.5074 

2.4150 

: 

0.5176 

2.4071 

* 

0.5277 

2.4001 

* 

0.5379 

2.3938 

0.5481 

2.3879 

t 

-  -  ■ 

0.5583 

-  2.3824 

4  . 

hotm  •’ 

■t;  ,2  t.’  }?• 

;  i 

!  t  ;  .u :  ■  >  1 :  v  i  t  >  \  '  .  .i*  :  V  1 

Cur|K>f.»!u>n  | 
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Table  A-l.  Experimental  data  on  the  refractive  index  of  aloe  aulflde  (wavelength  dependence) —  • 
Continued 


Data 

set 

A 

n 

Specification*  and  renarka 

Author (a) ,  year  [ref.] 

3 

0.5684 

2.3777 

j 

Hell,  M.,  1923  [8] 

cont. 

0.5786 

2.3732 

1 

0.5888 

2.3683 

1 1 11*  St'AC  l  1  DP  CHA*  li  1.  A\u  I ITI  t 

0.5990 

2.3637 

I 

0.6092 

2.3596 

j 

0.6194 

2.3560 

1 

0.6297 

2.3527 

0.6399 

2.3493 

0.6501 

2.3463 

I 

0.6604  . 

2.3434. 

?  ,\l  i  .1  LM.Mlil  l.i'IMV.W,' 

*  •  t  s 

0.6706 

2.3404 

-  •  ■-  *  ■  -  . . 

*  "  "  ' 

0.6808 

2.3382 

t 

0.6911 

2.33S2 

j 

0.7013 

2.3330 

I 

1 

0.7116 

2.3308 

1 

0.7218 

2.3283 

1 

0.7320 

2.3263 

1 

4 

(T-477  K) 

Natural  crystal;  clear  green  sphalerite; 

Me 11,  H.,  1923  [8] 

0.4162 

2.5443 

prismatic  specimens  of  apex  angles  about  22* 

0.4263 

2.5251 

to  25°;  refractive  indices  were  determined 

0.4364 

2.5086 

by  the  minimum  deviation  method;  data  were 

0.4466 

2.4933 

extracted  from  a  table;  uncertainties  less 

0.4567 

2.4813 

than  0.001  in  refractive  Index  value. 

0.4668 

2.4663 

0.4770 

2.4571 

' 

0.4871 

2.4452 

0.4373 

2.4359 

o.: 

’.4275 

o.: 

.4198 

** 

V.  w 

J.4124 

■ 

0.5 

2.4061 

0.54i> 

2.3993 

0.5583 

2.3938 

| 

0.5684 

2.3884 

0.5786 

2.3838 

0.5888 

2.3802 

0.5990 

2.3751 

0.6092 

2.3705 

1 

0.6194 

2.3665 

0.6297 

2.3640 

0.6399 

2.3600 

0.6501 

2.3563 

0.6604 

2.3532 

0.6706 

2.3502 

0.6808 

2.3472 

0.6911 

2.3444 

0.7013 

2.3428 

0.7116 

2.3400 

0.7218 

2.3377 

0.7320 

2.3354 

0.7423 

2.3333 

0.7525 

2.3322 

1 

0.7628 

2.3301 

0.7730 

2.3281 

i 

, 

0.7832 

2.3262 

1 

1 

F-  #  •• 

f*  Ct  .1  t?  791 

•  1 

?  i  :  i  •  *<,■  :  t 

: 

tli  it  ■ 

.  I'iv 

art 

! 
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. Tab la  A-l.  Experimental  data  on  tha  refractive  index  of  zinc  sulfide  (wavelength  dependence) — 
Continued 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  {ref.] 

S 

(T-674  K) 

Natural  crystal;  clear  green  sphalerite; 

Hell,  M.,  1923  (8] 

0.4155 

2.5735 

prismatic  specimens  of  apex  angles  about  22* 

0.4256 

2.5519 

to  25*;  refractive  indices  were  determined 

0.4357 

2.5337 

by  the  minimum  deviation  method;  data  were 

0.4459 

2.5165 

extracted  from  a  table;  uncertainties  less 

0.4560 

2.5006 

than  0.001  In  refractive  index  value. 

0.4661 

2.4870 

0.4763 

2.4762 

0.4864 

2.4654 

0.4965 

.  2.4548: 

s;,\r  i  :  >  \'\\i  t.H/V-i1  i 

t  N  *:r  •  t  i  *-♦<:>  uni  ; 

:  i  i 

0.5067 

2.4458 

........ 

0.5168 

2.4380 

0.5270 

2.4309 

0.5371 

2.4234 

0.5473 

2.4168 

0.5574 

2.4102 

0.5676 

2.4050 

0.5778 

2.3997 

0.58 80 

2.3956 

0.5981 

2.3901 

0.6083 

2.3857 

0.6185 

2.3815 

0.6287 

2.3774 

0.6390 

2.3741 

0.6492 

2.3711 

0.6594 

2.3679 

0.6697 

2.3644 

0.6799 

2.3614 

0.6901 

2.3588 

0.7004 

2.3559 

0.7106 

2.3528 

0.7208 

2.3504 

0.7311 

2.3482 

0.7413 

2.3464 

1 

i 

0.7516 

2.3442 

• 

0.7619 

2.3423 

0.7721 

2.3408 

i 

0.7824 

2.3390 

i 

6 

(T-298  K) 

Natural  sphalerite  crystal;  clear,  water- 

DeVore,  J.R.,  1951  [9] 

0.3650 

2.679 

white;  polished  prism 

specimen  of  10*19' 

0.3654 

2.676 

apex  angle  and  1.5  cm 

?  area;  refractive  in- 

0.3663 

2.673 

dices  were  measured  by  the  deviation  method; 

0.3906 

2.583 

data  extracted  from  a 

table. 

0.4047 

2.549 

0.4077 

2.542 

. 

0.4358 

2.490 

0.4916 

2.426 

0.5461 

2.390 

‘ 

0.5780 

2.375 

i 

1.5296 

2.284 

7 

(T-298  K) 

Thin  film  specimens; 

evaporated  in  vacuum  of 

Rood,  J.L.,  1951  129) 

0.45 

2.24 

1  x  lO'J  to  2  x  lO-" 

mm  Ng  pressure  at  a  rate 

0.47 

2.28 

of  100  A/min.  onto  glass  substrates;  some 

0.48 

2.20 

films  were  exposed  to  air  as  soon  as  made. 

0.51 

2.22 

some  were  placed  in  a 

dessicator  for  woekn, 

( 1...1  P-6  .J  t.’  TO)  t  !  t  !  !  '  ■  I  '  1 !  >  1  •  i 
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Table 

;  j  *  *  ;  T  \  .  • 

A-l.  Experimental  data  on  the  refractive  . 
Continued  ! 

index  of  sine  aulfide  (wavalangth  dependence)— 

i 

Data 

set 

X 

n 

Specifications  and  remarks 

Author (a),  year  (ref.) 

7 

0.52 

2.18 

and  others  were  then  heat  treated  at  623  K; 

Rood,  J.L.,  1951  (29) 

coot. 

0.57 

2.17 

refractive  indices  were  determined  from  re- 

0.58 

2.12 

flectivity  measurements  after  aging;- data 

extracted  from  a  table. 

8 

(T-300  K) 

Evaporated  film  ZnS  specimen;  refractive 

Heraansen,  A.,  1951 

0.589 

2.26 

Index  at  0.589  pm  was 

determined  by  a  polar- 

DO] 

i 

lmetric  method  based  on  the  changes  in  phase 

occurring  by  reflection  of  linearly  polarised 

i 

light  from  the  evaporated  film.  1 

i  • 

9 

(T-300  K) 

Thin  films;  evaporated  onto  a  glass  sub- 

Kuwabara,  G.  and 

0.412 

2.48 

strate;  film  thickness  0.142  to  0.320  pm; 

Islguro,  K.,  1952  (31) 

0.440 

2.22 

refractive  indices  were  determined  from 

0.443 

2.40 

measurements  of  transmittance,  reflectance. 

0.454 

2.38 

and  the  phase  shift  of  the  transmitted  light; 

0.460 

2.42 

data  extracted  from  a 

table. 

0.472 

2.36 

1 

0.512 

2.36 

j 

, 

0.534 

2.34 

1 

0.550 

2.30 

1 

0.594 

2.33 

j 

0.660 

2.31 

0.680 

2.26 

1 

0.685 

2.27 

1 

, 

0.740 

2.30 

i 

0.900 

2.23 

0.380 

2.27 

1 

10 

(T-300  K) 

Thin  films;  evaporated  onto  a  glass  sub- 

Kuwabara,  G.  and 

0.512 

2.43 

strate;  film  thickness  0.142  to  0.320  pm; 

Islguro,  K.,  1952  (31) 

0.534 

2.38 

refractive  indices  were  determined  by  inter- 

0.550 

2.28 

ferometry  method;  the 

results  show  fairly 

0.594 

2.47 

larger  fluctuation  than  the  above  data  set  but 

0.660 

2.22 

agree  with  each  other 

within  the  experimental 

0.680 

2.22 

error;  data  extracted 

from  a  table. 

0.685 

2.35 

11 

(T-298  K) 

Single  cubic  crystals 

;  impurity  content  less 

Czyzak,  S.J., 

0.440 

2.478 

than  0.005%  including  Cu,  Pb,  Na,  and  Ca; 

Reynolds,  D.C.,  Allen, 

0.450 

2.464 

prismatic  specimens  of  apex  angle  15*;  aver- 

R.C.,  and  Reynolds, 

0.461 

2.450 

aged  data  of  four  specimens  were  extracted 

C.C.,  1954  (12) 

0.482 

2.431 

from  a  curve. 

0.500 

2.416 

0.523 

2.399 

0.556 

2.381 

0.582 

2.368 

0.600 

2.362 

0.637 

2.349 

; 

0.674 

2.339 

0.699 

2.334 

12 

(T-298 

K) 

Thin  film  ZnS  of  thickness  in  the  range  0.12 

H<il lg  J*Ft i  Jr»  snd 

0.4162 

2.495 

to  0.6  pm  evaporated  on  a  black  glass  sub- 

Ferguson,  W.F.C.,  1955 

0.4344 

2.466 

strate  in  a  vacuum  of 

0.1  pm  pressure;  sub- 

132) 

0.4510 

2.442 

strate  held  at  room  temperature  at  beginning 

.  . 

0.4751 

2.418 

of  evaporation  and  at 

loss  than  373  K  at 

}  mn  P  f» 

2  1?  7 'J\ 

*  * 

:  t  ;  T  . ;  ! 1  «  I 

•  -  < »*,(.*  t  v  ! 

•  * 

H.  HI.  1*  •  - 

•  «|  Oo*  i* 
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Tabic  A-l._  Experimental  data  on  the  refractive  index. of  elite  sulfide  (wavelength  dependence) — 
Continued  I 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (b),  year  [ref.] 

12 

0.S023 

2.396 

the  conclusion;  refractive  indices  were  de¬ 

Hall,  J.F.,  Jr.  and 

cont. 

0.5295 

2.379 

termined  from  reflectance  data;  uncertainty 

Ferguson,  W.F.C.,  1955 

1 

0.5521 

2.367 

in  n  about  10.002;  data  extracted  from  a 

[32] 

f 

0.5793 

2.352 

figure. 

0.6034 

2.343 

| 

0.6275 

2.333 

i 

0.6501 

2.324 

0.6773 

2.315 

0.7014 

2.307 

0.7256 

,  2.301  i 

■  i  .M- 1  1  •  l  l.H,'.  ■’  '•  i  »  ■  \  v  ,  l  .V  ‘  ■  \i 

, 

• 

0.7512 

2.295 

l  . 

. 

. 

13 

(T-298  K) 

Thin  film  specimens;  evaporated  in  vacuum 

Hall,  J.F.,  Jr.  and 

0.50 

2.397 

onto  glass  substrates  for  the  wavelength  re¬ 

Ferguson,  W.F.C.,  1955 

0.55 

2.371 

gion  between  0.6  urn  to  2  lim  and  onto  rock 

[33] 

0.60 

2.350 

salt  substrate  for  the  region  between  0.6  Un 

0.65 

2.332 

to  14  pm;  the  substrates  were  ground  and  pol¬ 

0.70 

2.316 

ished  with  an  angle  of  3*  between  the  front 

0.75 

2.308 

and  rear  surfaces  to  eliminate  unwanted  radi¬ 

0.80 

2.294 

ation  reflected  from  the  rear  surface;  sub¬ 

0.90 

2.284 

strates  were  held  at  room  temperature  at  the 

1.00 

2.278 

beginning  of  evaporation  and  not  higher  than 

1.12 

2.270 

100°C  at  the  conclusion;  refractive  index 

1.25 

2.265 

data  were  determined  from  reflectance  and 

1.50 

2.260 

transmittance  measurements;  it  was  found  that 

1.75 

2.257 

n  is  independent  on  the  rate  of  film  deposi¬ 

2.00 

2.255 

tion;  X-ray  diffraction  pattern  of  the  films 

2.00 

2.253 

showed  a  mixture  of  cubic  and  hexagonal  crys¬ 

3.00 

2.240 

talline  structure;  data  extracted  from  a 

4.00 

2.224 

figure. 

w  ■ 

5.00 

2.211 

1 

- 

6.00 

2.199 

f 

' 

7.00 

2.190 

8.00 

2.183 

1 

\ 

9.00 

2.174 

1 

10.00 

2.170 

1 

11.00 

2.165 

12.00 

2.162 

i 

13.00 

2.158 

! 

- 

14.00 

2.156 

.  14 

(T-298  K) 

Amorphous  thin  film  specimens;  deposited  on 

Hall,  J.F.,  Jr.,  1956 

0.2118 

3.341 

quartz  substrates  by  evaporation  in  a  vacuum; 

134] 

0.2172 

3.537 

refractive  index  data  were  determined  from 

0.2190 

3.577 

normal  incident  reflectance  and  transmittance 

0.2235 

3.598 

measurements;  estimated  uncertainty  in  n 

0.2276 

3.579 

about  i2Z;  data  extracted  from  a  figure. 

0.2414 

3.315 

0.2500 

3.172 

0.2625 

3.047 

0.2750 

2.953 

.0.2875 

2.877 

0.3000 

2.820 

i 

0.3125 

2.766 

1 

0.3250 

2.724 

0.3375 

2.683 

0.3500 

2.653 

1 

1 

f  OffTi  P-6  <2  1?.79» 

f  t 

f  f  \  i !  *  ■  :  *  '  n\  )  t •  n*  t  ! 

?  f 

PuMifuflii 

i 

io.’s  v. 
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.  Tab  la  A-l.  Experimental  data  on  the  refractive,  indax.of  zinc  sulfide  (wavelength  dependence)— -] 
Continued  j  1 

Data 

set 

X 

n 

Specifications  and  renarks 

Author (s),  year  (ref.) 

14 

0.3625 

2.620 

i 

t 

Hall,  J.F.,  Jr.,  1956- 

cont. 

0.3750 

2.587 

1 

13*}  i 

0.3875 

2.563 

!  Mlc.  h'lM  MAPI!  ‘  \ini  n  A\|)  TlTU 

| 

0.4000 

2.546 

I 

IS 

(T-300 

K) 

Single  crystal;  prism  specimen;  refractive 

Czyzak,  S.J.,  Payne, 

0.365 

2.677 

indices  were  determined  by  minimum  deviation 

H.,  Crane,  R.C.,  and 

0.404 

2.516 

method;  data  extracted  from  a  table. 

Baker,  U.M.,  1957  [11] 

0.45 

2.468 

t 

0.50 

2.417  ; 

■  •  :  :  l  ■  V  1  !s  •  ■  .-1  .  !'/.  .  >'.  !  Ml S  UNf  * 

4  4*  j 

0.55 

2.385 

—  *  )  - - - — - 

- -  - . -  '  “ | 

0.6 

2.362 

j 

» 

0.7 

2.332 

j 

1.0 

2.293 

1 

J 

1.5 

2.275 

! 

| 

2.0 

2.263 

1 

2.5 

2.256 

1 

1 

3.0 

2.253 

i 

1 

1 

3.5 

2.251 

i 

1 

4.0 

2.251 

1 

! 

16 

(T-298 

K) 

Synthetic  single  crystal;  cubic  crystal 

Czyzak,  S.J.,  et  al.,  j 

0.44 

2.488 

structure  with  lattice  constant  ao“5.406  A 

1957  [101  i 

0.46 

2.458 

was  verified  by  X-ray  diffraction  pattern; 

0.48 

2.435 

prism  specimen  was  ground  and  polished  with 

0.50 

2.414 

the  principal  axis  (c-axis)  perpendicular  to 

0.52 

2.395 

the  base  of  the  prism;  apex  angle  10“  to  15“; 

0.55 

2.384 

flatness  was  checked  hy  rhe  Newton's  Rings 

0.57 

2.375 

method;  refractive  Indices  over  the  wavelength 

0.60 

2.359 

range  from  0.44  pm  to  1.4  pm  were  determined 

i 

0.65 

2.346 

by  deviation  method;  it  was  found  the  data 

j 

0.7 

2.334 

are  approximately  fitted  by  the  equation 

0.9 

2.306 

n2  m  5.L31  +  1.275  x  107/ (X2-0. 732  x  107); 

1.05 

2.293 

data  extracted  from  a  table. 

1.2 

2.282 

i 

i 

1.4 

2.280 

* 

i 

17 

(T-297 

K) 

Thin  film  specimens  of  0.157,  0.213,  and 

Coogan,  C.K.,  1957  [351 

0.241 

2.619 

0.474  Mm  thick;  vacuum  evaporated  onto  a 

0.260 

2.503 

fused  silica  substrate;  evaporation  rates  of 

0.300 

2.500 

the  order  100-500  A/min.  were  used  in  a  vac- 

0.342 

2.590 

uum  of  5  x  10“ 5  mm  Hg;  refractive  indices 

0.361 

2.625 

were  determined  from  transmittance,  reflec- 

0.378 

2.579 

tance,  and  thickness  measurements;  data  ex- 

0.378 

2.596 

tractcd  from  a  figure. 

0.396 

2.502 

0.401 

2.507 

0.454 

2.381 

0.494 

2.351 

0.520 

2.305 

1 

0.538 

2.283 

i 

0.547 

2.309 

'■ 

0.611 

2.267 

1 

i 

18 

(T-87  K) 

Thin  film  specimens  of  0.157,  0.213,  and 

Coogan,  C.K.,  1957  (351 

0.239 

2.452 

0.474  pm  thick;  vacuum  evaporated  onto  a 

0.279 

2.403 

fused  Milica  substrate;  evaporation  rates  of 

1 

. .  1* 

ti  ?  12  >91 

*,  *, 

*  I  »  •  ,  :  ;  \  i  .  •  *  .1 1  •  m .-  j  ' ‘J  t  ? 

!  t 

•1  » i ■  ,  ' 

'  •  ••  Comm 

xritiun 
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Tabic  A-l. 


Experimental  data  on  the  refractive  index  .of  zinc  sulfide  (wavelength  dependence) — 
Continued 


18 

0.320 

2.4S6 

cont. 

0.340 

2.632 

0.373 

2.606 

0.377 

2.578 

0.396 

2.503 

0.422 

2.430 

0.453 

2.378 

0.493 

2.348 

0.546 

2.314 

0.610 

2.277 

19 

(T-298 

K) 

0.3377 

2.832 

0.3390 

2.785 

0.3415 

2.778 

0.3468 

2.738 

. 

0.3480 

2.707 

0.3508 

2.694 

0. 3591 

2.650 

0.3649 

2.623 

0.3739 

2.589 

0.3834 

2.562 

0.3917 

2.535 

0.3934 

2.535 

- 

0.4111 

2.494 

0.4168 

2.487 

0.4328 

2.467 

_ 

0.4369 

2.457 

0.4499 

2.447 

0.4662 

2.420 

0.4861 

2.413 

0.5022 

2.393 

0.5080 

2.393 

■* 

0.5317 

2.379 

0.5477 

2.366 

_ 

0.5613 

2.366 

0. 5905 

2.359 

-• 

0.5985 

2.352 

0.6064 

2.345 

0.6317 

2.342 

l 

0.6739 

2.329 

-* 

0.7168 

2.315 

0. 7584 

2.301 

- 

0.7779 

2.308 

0.8430 

2.298 

0.8757 

2.298 

0.9295 

2.298 

1.036 

2.291 

1.060 

2.285 

1.169 

2.28S 

1.342 

2.286 

1.522 

2.271 

1.830 

2.268 

20 

(T-298  K) 

l 

0.3316 

2.883 

0.3364 

2.832 

f  t-nn  P-r, 

<7  1?  ?0: 

t  t 

Spec If lcat Iona  and  remarka  Author (a) ,  year  (ref.) 

the  order  100-500  A/nln.  were  used  in  a  vac-  Coogan,  C.K.,  1957  (35) 
uum  of  5  x  10”  s  ran  Hg;  refractive  Indices 
were  determined  from  transmittance,  reflec¬ 
tance,  and  thickness  measurements;  data  ex¬ 
tracted  from  a  figure. 


I 

mam:  r-T:\  ni'Ji'i  u>  •  t  v.  tv.  'mi'  i..',1  it;, 

Single  crystal;  hexagonal;  grown  from  vapor  Piper,  W.W.,  Marple, 
phase;  refractive  indices  were  determined  by  D.T.P.,  and  Johnson, 
transmission  interference  method;  data  for  P.D.,  1958  (13) 
ordinary  ray  extracted  from  a  figure. 


i 

i 

i 


i 

i 


Single  crystal;  hexagonal;  grown  from  vapor  Piper,  W.W. ,  et  el., 
pheee;  refractive  Indices  were  determined  by  1958  (13) 
transmission  Interference  method;  data  for 

t  ■  i  ■.  i  ■  •  •  :  • 
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Table  A-l.  Experimental  date  on  the  refractive  Index  of  zinc  aulflde  (wavelength  depencence)--  - 
Continued  j 


Data 

set 

X 

n 

Specifications  and  reaarka 

Author (a),  year  (ref.) 

20 

0.3415 

2.792 

extraordinary-ray  extracted  from  a  figure. 

Piper,  U.W.,  at  al.. 

cont. 

0.3428 

2.788 

1958  {13] 

0.3468 

2.748 

li<!'  s«Vv(  •.  » (I?-:  ♦  ■*,.» 

<  >:  \nvft  v  A*.";  1  it i  c 

1 

0.3494 

2.721 

0.3535 

2.711 

1  .. 

0.3591 

2.673 

1  : 

0.3619 

2.660 

0.3678 

2.640 

0.3770 

2.609 

0.3754 

2.602  i 

1  ;.\x  j  i  \  »»i\«  (.ham  i  f  f)f 

}  \iNG  PACT  ON  THIS  1  t\!  1 

i  i  i 

0.3850 

2.579 

—  -  -« 

-  -  ... 

— 

0.3950 

2.555 

0. 3968 

2.558 

0.4094 

2.535 

i 

0.4150 

2.514 

0.4208 

2.508 

0.4348 

2.487 

- 

0.4391 

2.481 

;  •-  | 

0.4499 

2.471 

1 

0.4686 

2.451 

;  J 

0.4888 

2.433 

0.5080 

2.420 

i  .. 

0.5137 

2.420 

- 

0.5380 

2.400 

0.5546 

2.386 

. 

0.5683 

2.389 

0.5905 

2.379 

0.5SS5 

2.369 

;  .■ 

0.6105 

2.369 

0.6405 

2.362 

.  r  *•  » 

0.6739 

2.349 

:  4 

0.7281 

2.339 

1 

0.7779 

2.329 

1 

0.8511 

2.312 

1 

- 

0.9295 

2.305 

1 

1 

.  - 

- 

1.036 

2.305 

! 

•  : 

1.073 

2.295 

1 

1.155 

2.298 

1 

1.342 

2.301 

i 

1.548 

2.285 

1.830 

2.278 

1 

21 

(T-298 

10 

Thin  film  specimen  of 

0.12  pm  thick;  vacuum 

Cox,  J.T.,  Waylonls, 

0.06 

0.71 

deposited  at  a  rate  of  30  A/scc  onto  a  glass 

J.E.,  and  Hunter,  W.R.,  - 

0.07 

0.64 

substrate  at  room  temperature;  refractive 

1959  [36] 

0.08 

0.63 

indices  were  determined  from  reflectance  data 

- 

0.09 

0.69 

measured  at  various  incident  angles;  data  ex- 

0.10 

0.79 

tracted  from  a  figure 

• 

0.11 

0.73 

0.12 

0.80 

0.125 

0.91 

0.130 

1.08 

0.135 

1.22 

1 

0.140 

1.32 

0.150 

1.40 

0.160 

1.42 

1 

__ 

0.170 

1.49 

-  - 

ff.tr,  }* 

fi  ir  m 

I  ! 

♦  :  l  >  ’  .  l*  ■ 

UNP  •*.•>  |  it.!  I  ! 

t  t 

Ht  H»  -i 

fit*  fit)  l'*V | H)l >1 1  'O** 

; 

!  KOU  V 
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Tabic  A-l. 


Experimental  date  on  the  refractive  Index  of  zinc  sulfide  (wavelength  dependence)-- 
Continued 


Data 

set 

A 

n 

21 

0.180 

1.62 

cont. 

0.190 

1.81 

0.200 

2.09 

0.210 

2.59 

0.220 

3.11 

22 

(T-298 

K) 

0.833 

2.403 

0.909 

2.397 

1.000 

2.392 

1.111 

2.38b 

1.250 

2.379 

1.429 

2.374 

1.667 

2.366 

2.000 

2.360 

2.500 

2.354 

3.333 

2.348 

(T-298 

K) 

0.833 

2.318 

0.909 

2.312 

1.000 

2.308 

1.111 

2.304 

1.250 

2.298 

1.429 

2.293 

1.667 

2.288 

2.000 

2.283 

2.500 

2.279 

3.333 

2.273 

24  (T-298  K) 

0.360  2.705 

0.375  2.637 

0.400  2.560 

0.410  2.539 

0.420  2.522 

0.425  2.511 

0.430  2.502 

0.440  2.486 

0.450  2.473 

0.460  2.459 

0.470  2.448 

0.475  2.445 

0.480  2.438 

0.490  2.428 

0.500  2.421 

0.525  2.402 

0.550  2.386 

0.575  2.375 

0.600  2.363 

0.625  2.354 

ll,m  V  f.  t  /•»• 


llJ.'ll  mu’,  N  iV 

VV.J  l )  f  -UOr> 


Specifications  and  remarks  Author (s),  year  (ref.] 

Cox,  J . T . ,  et  al . , 

1959  J  36] 

1 i  il>  M‘Af  l  ■  l  li.'  •  '■.!  .'.II  i 


Thin  films  of  2.22  to  2.50  pm  thick;  evapor-  Huldt,  L.  and  Staflln, 

ated  in  a  vacuum  of  4  x  10” 5  ran  Hr  onto  glass  T. ,  1959  (37] 

substrates  of  50  x  60  x  1  mm  plate;  residual 
gas  in  the  evaporatlon^chamber  was  air;  depo-  .  *  « 

sition  rate  was  30-60  A/scc  and  the  substrate 
was  rotated  during  deposition;  refractive  in¬ 
dices  were  determined  from  thickness  measure¬ 
ments  and  interference  method  and  also  by  the 
Brewster  angle  measurement;  it  was  found  that 
the  refractive  indices  of  the  film  specimens 
deposited  in  air  residual  are  higher  than  for 
the  corresponding  bulk  material;  averaged  re¬ 
sults  from  three  films  were  extracted  from  a 
figure. 

Thin  films  of  2.22  to  2.50  pm  thick;  evapor  Huldt,  L.  and  Staflln, 

ated  in  a  vacuum  of  4  x  10“ 5  mm  Hg  onto  glass  T.,  1959  [37] 

substrates  of  50  x  60  x  1  mm  plate;  residual 
gas  in  the  evaporation  chamber  was  nitrogen; 
deposition  rate  was  30-60  A/sec  and  the  sub¬ 
strate  was  rotated  during  deposition;  refrac¬ 
tive  indices  were  determined  from  thickness 
measurements  and  interference  method  and  also 
by  the  Brewster  angle  measurement;  it  was 
found  that  the  refractive  indices  of  the  film 
specimens  deposited  in  nitrogen  residual  are 
closer  to  those  of  bulk  crystal;  averaged  re¬ 
sults  from  three  films  were  extracted  from  a 
figure. 

Synthetic  single  crystal;  hexagonal  struc-  Bleniewski,  T.M.  and 

ture;  prism  specimen;  spectroscopic  analy-  Czyrak,  S.J.,  1963  [14J 

sis  revealed  the  presence  of  impurities: 

Mg,  Si,  Fe,  each  less  than  10_I,X;  crystal 
structure  confirmed  by  X-ray  and  lattice 
constantS'Were  found  to  be  ao-3.820  X  and 
co-6.260  A;  Rochon  prism  was  used  to  separ¬ 
ate  the  ordinary  and  extraordinary  rays; 
refractive  index  data  were  determined  by 
deviation  method;  data  for  the  ordinary  ray 
were  extracted  from  a  table. 


I 


1 


i 


i 


i 
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Table  A-l.  Experimental  data  on  the  refractive  indcx_of  sine  sulfide  (wavelength  dependence) — 
Continued  I 


Data 

set 

X 

n 

Specif lcatlona  and  remarks 

Author (s),  year  (ref.) 

24 

0.650 

2.346 

Bleniewskl,  T.M.  and  1 

cone. 

0.675 

2.339 

1 

Csysak,  S.J.,  1963  [14] 

0.7 

2.332 

till*  '  \l  •  1  i  I.HAI* 

tl  i:  MMHLIi  ,V;Ij  Til !  1 

0.8 

2.324 

0.9 

2.310 

1 

1.0 

2.301 

1.2 

2.290 

t 

1.4 

2.285 

(T-298  K) 
0.360  2.709 

0.375  2.640 

0.400  2.564 

0.410  2.544 

0.420  2.525 

0.425  2.514 

0.430  2.505 

0.440  2.488 

0.450  2.477 

0.460  2.463 

0.470  2.453 

0.475  2.449 

0.480  2.443 

0.490  2.433 

0.500  2.425 

0.525  2.407 

0.550  2.392 

0.575  2.378 

0.600  2.368 

0.625  2.358 

0.650  2.350 

0.675  2.343 

0.700  2.337 

0.800  2.328 

0.900  2.315 

1.000  2.303 

1.200  2.294 

1.400  2.288 

(T-300  K) 
0.589  2.3547 


27  (T-298  K) 

0.113  0.83 

0.116  0.86 

0.119  0.9C 

0.125  1.01 

0.130  1.13 

0.135  1.29 

0.139  1.37 

0.143  1.35 

I  hi-  P  I-  !j  IJ.PJP)  t 

i-  I'jI’  H"  rt«t  litHIVMlKi'i 
lu/'j  V*  i ’*.>>»•:  N  Wf 

Vv.r.h>A  ,!»*n  [  l.  „*flPtir» 


Synthetic  single  crystal;  hexagonal  struc¬ 
ture;  prism  specimen;  spectroscopic  analy¬ 
sis  revealed  the  presence  of  impurities: 

Mg,  Si,  Kc,  each  less  than  10— ** Z ;  crystal 
structure  confirmed  by  X-ray  and  lattice 
constants ^were  found  to  be  ao-3.820  A  and 
co-6.260  A;  Rochon  prism  was  used  to  separ¬ 
ate  the  ordinary  and  extraordinary  raya; 
refractive  index  data  were  determined  by 
deviation  method;  data  for  the  extraordinary 
ray  were  extracted  from  a  table. 


Bleniewskl,  T.M.  and 
Csysak,  S.J.,  1963  (14] 


Thin  films  on  transparent  substrates  of  glass 
or  fused  silica;  refractive  index  was  deter¬ 
mined  by  Brewster  angle  measurement;  data 
taken  from  a  table;  accuracy  in  refractive 
index  about  ±0.0002  to  ±0.0006;  it  was  found 
that  this  technique  is  independent  of  index 
of  refraction  of  the  substrate  and  thickness 
of  the  film. 

Single  crystal;  hexagonal  structure;  obtained 
from  Semi-Elements,  Inc.,  Saxonburg,  PA; 
freshly  cleaved  prior  to  reflectivity  meas¬ 
urements;  optical  constants  were  deduced  from 
reflection  spectrum  by  means  of  Kramers-Kronlg 
technique;  data  for  ordinary-ray  read  from  a 
figure. 


Hacskaylo,  M.,  1964 
138] 


Cardona,  M.  and 
Harbeke,  C.,  1965  (23] 


■  ■> i’i  b  > :  vidimus  i  ini 


h 
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Experimental  data  on  the  refractive-indcx  of  zinc  sulfide  (wavelength  dependence)— 
Continued  1 


Data 

set 

X 

a 

Specifications  and  remarks 

Author(s),  year  (ref.) 

27 

0.146 

1.281 

Cardona,  N.  and 

cont. 

0.149 

1.281 

Harbeke,  C..  1965  (23) 

0.1SS 

1.281 

Till!,  mv \0  1  •  •'  ;'*%• 

•  '■  '.iff.'.  'Mil 

0.161 

1.353 

0.171 

1.531 

0.177 

1.764 

0.179 

1.978 

0.183 

2.103 

0.187 

2.085 

0.190 

2.068  l 

1  '  •  1  t  ■>  1  (  H.V  '  • 

•  • .  \  r  ; 

:  • 

—  • 

0.193 

2.068 

...  -  ...  .  - 

- 

• 

0.201 

1.961 

0.206 

1.961 

0.210 

2.032 

0.217 

2.318 

0.220 

2.532 

0.227 

2.658 

0.233 

2.693 

0.241 

2.640 

0.250 

2.604 

0.266 

2.604 

, 

0.280 

2.605 

0.291 

2.587 

0.307 

2.551 

0.318 

2.605 

0.333 

2.748 

0.337 

2.748 

0.430 

2.534 

0.527 

2.427 

0.620 

2.374 

; 

0.796 

2.338 

1.263 

2.303 

•  28 

(T-298 

K) 

Single  crystal;  hexagonal  structure;  obtained 

Cardona,  H.  and 

0.120 

1.012 

from  Semi-Elements,  Inc.,  Saxonburg,  PA; 

Harbeke,  G.,  1965  (23) 

0.124 

1.101 

freshly  cleaved  prior  to  reflectivity  mess- 

0.126 

1.136 

uremenls;  optical  constants  were  deduced  fron 

0.129 

1.243 

reflection  spectrum  by  means  of  Kramer s-Kronig 

i 

0.132 

1.421 

technique;  data  for  extrnordlnary-ray  read 

0.135 

1.598 

from  a  figure. 

0.139 

1.669 

, 

0.141 

1.634 

1 

0.143 

1.598 

0.147 

1.528 

0.150 

1.510 

0.152 

1.510 

1 

0.157 

1.546 

0.161 

1.581 

i 

0.164 

1.652 

! 

0.168 

1.812 

0.174 

1.954 

i 

0.176 

2.061 

| 

0.178 

2.239 

1 

0.180 

2.345 

i 

• 

0.183 

2.327 

l 

; 

0.188 

2.310 

i 

l 

0.191 

2.274 

: 

Form  P-G  12  12.731 

1  1 
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Experimental  data  on  the  refractive  Index  of  zinc  sulfide  (wavelength  dependence)—  • 
Continued  j  1 


Data 

set 

28 

cont. 


29 


X 

n 

Specifications  and  remarks 

Author (s) 

i,  year  [ref. J 

0.194 

2.274 

Cardona, 

M.  and 

0.198 

2.203 

Karbeke, 

C..  1965  (23) 

0.201 

2.203 

III'-  ■  i  i  HAPlI  C  Nl'Vlil  1?  AMD  tlTM 

0.205 

2.239 

0.210 

2.346 

0.212 

2.541 

0.213 

2.683 

0.216 

2.896 

i 

0.220 

2.967 

I 

0.227 

.  3.020  . 

:  Nl\.,  (  At.!  ON  THIS  Li V!  1 

i  t 

4  1 

0.230 

3.003 

. . - 

-  - -  - 

- 

0.234 

2.967 

1 

0.247 

2.896 

t 

0.263 

2.808 

i 

0.278 

2.790 

i 

1 

) 

0.302 

2.737 

1 

0.315 

2.773 

I 

0.316 

2.879 

j 

0.31? 

2.986 

t 

1 

0.323 

2.950 

1 

! 

0.337 

3.022 

| 

0.338 

2.986 

i 

0.347 

2.844 

! 

0.365 

2.720 

0.396 

2.560 

0.461 

2.436 

0.624 

2.330 

0.850 

2.295 

i 

i 

1.473 

2.260 

> 

i 

(T-298  K) 

Single  crystal;  cubic 

structure;  obtained 

Cardona, 

H.  and 

0.062 

0.670 

from  Semi-Elements,  Inc.,  Saxonburg,  PA; 

Harbeke , 

G.f  1965  (23] 

0.067 

0.669 

freshly  cleaved  prior 

to  reflectivity  meas- 

0.073 

0.669 

urements;  optical  constants  were  deduced  from 

0.083 

0.737 

reflection  spectrum  by  means  of  Kramers-Kronlg 

0.088 

0.805 

technique;  data  read 

from  a  figure. 

0.093 

0.896 

1 

0.097 

0.987 

1 

J 

0.100 

0.987 

l 

0.103 

0.941 

i 

0.105 

0.873 

0.108 

0.850 

i 

0.113 

0.895 

0.116 

0.941 

0.120 

1.055 

0.125 

1.261 

i 

0.130 

1.535 

0.135 

1.649 

0.138 

1.717 

0.139 

1.672 

0.142 

1.580 

0.145 

1.466 

0.150 

1.443 

0.155 

1.534 

0.161 

1.671 

i 

i 

0.165 

1.831 

i 

i 

0.167 

2.014 

t 

i?  i: 
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Table  A-l.  ExptrlaiBUl  data  on  the  re tractive  index  of  sine  sulfide  (wavelength  dependence)—  • 
Continued  ! 


Date 

aet 

1 

a 

Specifications  aad  remarks 

Author(a),  year  (ref.) 

19 

0.173 

2.174 

Cardona,  M.  and 

coat. 

0.177 

2.654 

Harbeke,  C.,  1965  (23) 

0.178 

2.700 

Tin.  1  HI1  CllACII  \  -vi!i  •/•'.')  Till) 

J 

0.182 

2.654 

0.187 

2.585 

0.188 

2.471 

; 

0.193 

2.425 

; 

0.203 

2.288 

0.204 

2.242 

0.209 

2.288  i 

'  .  ’  Al-  i  :  .  i  IV..  ^ 

•  vv.  iv.i  ; *  mis  i.im 

i  ;  i 

. — 

0.210 

2.311  - 

—  ..  . 

0.211 

2.585 

0.217 

3.042 

0.221 

3.179 

0.224 

3.179 

0.228 

3.179 

0.229 

3.088 

0.236 

3.042 

0.285 

2.744 

0.304 

2.676 

0.310 

2.721 

0.311 

2.767 

0.318 

2.836 

0.334 

2.858 

0.342 

2.767 

0.381 

2.630 

0.473 

2.447 

0.654 

2.332 

1.382 

2.263 

30 

(T-300  K) 

Natural  cubic  crystal 

from  San  Antander, 

Bond,  W.L.,  1965  (15) 

0.45 

2.4709 

Spain;  prisa  specimen 

;  refractive  Indices 

0.5 

2.4208 

were  determined  by  minimum  deviation  method; 

0.6 

2.3640 

data  extracted  from  a 

table;  the  crystal  waa 

0.7 

2.3333 

not  transparent  beyond  2.4  ins. 

0.8 

2.3146 

• 

0.9 

2.3026 

i 

1.0 

2.2932 

i 

1.2 

2.2822 

i 

1.4 

2.2762 

i 

1.6 

2.2716 

1.8 

2.2680 

• 

2.0 

2.2653 

2.2 

2.2637 

; 

2.4 

2.2604 

31 

(T-300 

K> 

Cubic  crystal;  grown 

at  Aerospace  Research 

Manabe,  A.,  Mltsuishl, 

19.845 

2.117 

Laboratories,  Wright 

Patterson  Air  Force 

A.,  and  Yoshlnege,  H., 

22.009 

2.046 

Base,  OH;  sample  was 

polished  to  a  mirror- 

1967  (16) 

23.308 

1.829 

like  finish;  near  normal  (12*  Incident  angle) 

25.183 

1.467 

reflectivity  was  measured;  refractive  indices 

26.774 

0.885 

were  deduced  from  reflection  spectrum  by 

27.931 

0.375 

Drude  dispersion  theory;  data  extracted  from 

28.508 

0.230 

a  figure. 

i 

29.663 

0.158 

i 

31.537 

0.234 

! 

« 

32.545 

0.527 

-  - 

i 

fwm  t--r,  a  i7/70> 
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Table  A-l.  Experimental  data  on  the  refractive  index. of.  sine  sulfide  (wavelength  dependence)—-! 
Continued  [ 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  (ref.] 

31 

33.120 

1.039 

Manabe,  A.,  at  al.,  1 

cont. 

34.265 

2.792 

1967  (16] 

35.257 

6.224 

INIS  ‘  •  V.r*  lOl’CHAl' 

II  l:  H  AM  ■  Till  1 

35.435 

8.341 

35.531 

9.071 

36.116 

7.612 

36.700 

6.153 

1 

37.858 

5.352 

! 

1 

39.015 

4.623 

1 

40.604 

4.187  i 

s'.v  :  1.;  .  (!*■•>  I;  ori  MN'.i  e.’.t  l  ONIH'SLIMt  1 

l  »  i  | 

, _ 

43.635 

3.826 

47.098 

3.539 

49.695 

3.396 

1 

56.474 

3.259 

59.791 

3.263 

61.667 

3.192 

1 

32 

(T-300  K) 

Multilayer  film;  measured  by  transmission 

1 

Heltmanr.,  V.  and 

0.6328 

2.35 

method;  refractive  index  of  bulk  ZnS  ob- 

Koppelnann,  G.,  1967  | 

tained  by  this  method 

for  the  wavelength 

(39]  1 

0.6323  pm  at  room  temperature. 

33 

(T-300  K) 

Thin  films;  sputtered 

or  evaporated  onto 

Burgiel,  J.C.,  Chen,  ! 

0.289 

2.804 

sapphire  substrates; 

refractive  indices  were 

Y.S.,  Vratny,  F.,  and 

0.298 

2.770 

determined  by  Interference  method;  average 

Smellnsky,  C.,  1968 

0.308 

2.731 

index  data  extracted 

from  a  smooth  curve. 

(40] 

0.322 

2.681 

1 

0.335 

2.643 

i 

0.347 

2.609 

0.362 

2.567 

1 

0.381 

2.528 

j 

0.400 

2.486 

1 

0.417 

2.459 

t 

0.435 

2.433 

1 

0.452 

2.406 

| 

0.476 

2.379 

| 

0.494 

2.356 

1 

0.519 

2.333 

I 

0.555 

2.314 

i 

0.592 

2.291 

i 

0.624 

2.276 

0.677 

2.257 

i 

0.739 

2.238 

; 

0.790 

2.230 

i 

0.895 

2.223 

i 

i 

1.007 

2.215 

1.151 

2.219 

j 

34 

(T-300  K) 

ZnS  layers  deposited 

onto  glass  substrate  in 

Shklyarevskll,  I.N., 

0.4514 

2.449 

a  vacuum  of  about  5.0 

i  x  10” 5  mm  Hg  at  the 

El  Shazll,  A.K.A.,  end 

0.4549 

2.442 

rate  of  0.050  Um/mln. 

;  refractive  indices 

Lysova,  G.V.,  1971 

0.4654 

2.428 

were  determined  from 

transmission  and  reflec- 

141] 

0.4712 

2.420 

tion  data  assuming  the  absence  of  absorption 

0.4816 

2.407 

and  scattering;  data 

extracted  from  a  smooth 

0.4908 

2.393 

curve  which  represents  the  average  of  mess- 

0.5012 

2.385 

urenents  for  five  different  layers. 

0.5105 

2.375 

1  .  ■  -  - 

....  • 

f  I*  6  12  M  >9] 

!  1 

>  ;  ■  ;  ii  ‘  i  >  •  i 

[ ; '  . .  ’  th1  1 1\,  t  t 

t  t 

M»*  n.;i*N 

Kill*  •»».»!« 

L 

1«.  ..  V.*f 

V,  *  U  C  PJHVJb 


nv.ivto  i  ititii 


L. 


112 


i Table  A-l.  Experimental  data  on  the  refractive  index  of  zinc  sulfide  (wavelength  dependence)- 
|  Continued 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  [ref.] 

34 

0.5313 

2.363 

t 

Shklyarevskll,  I.N., 

cont. 

0.5509 

2.350 

| 

et  al.,  1971  (41} 

0.5716 

2.339 

T  ■  * i *  i  flU  t;i  i At*  1 

i  W.l  I!  .S  l*  !  1  M  ' 

0.5866 

2.332 

; 

0.6016 

2.324 

i 

0.6212 

2.316 

* 

0.6385 

2.310 

i 

0.6500 

2.306 

! 

35 

(T-300 

K) 

Thin  films;  13.3  pm  thick;  evaporated  onto 

Shklyarevskll,  I.N., 

0.476 

2.429 

antimony  substrate  in 

vacuum  of  10“ *  mm  Hg; 

El-3hazly,  A.F.A.,  and 

0.499 

2.398 

refractive  index  data 

were  determined  by  el- 

Idczak,  E.,  1971  [42] 

0.525 

2.391 

lipsometrical  method; 

data  extracted  from  a 

0.549 

2.364 

figure.  , 

0.574 

2.341 

! 

0.600 

2.339 

I 

0.625 

2.310 

i 

36 

(T-300 

K) 

Thin  films;  8.6  um  thick;  evaporated  onto 

Shklyarevskll,  I.N., 

0.477 

2.297 

antimony  substrate  in 

vacuum  of  10”  ran  Hg; 

et  al.,  1971  [42} 

0.501 

2.263 

refractive  index  data  were  determined  by  el- 

0.525 

2.245 

lipsometrical  method; 

data  extracted  from  a 

0.549 

2.228 

figure.  i 

0.574 

2.190 

0.600 

2.166 

1 

0.625 

2.149 

i 

37 

(T-300 

K) 

Thin  films;  4.7  pis  thick;  evaporated  onto 

Shklyarevskll,  I.N., 

0.476 

2.189 

antimony  substrate  in 

vacuum  of  10“  mm  Hg; 

et  al.,  1971  [42} 

0.500 

2.132 

ref. active  index  data 

were  determined  by  el- 

0.525 

2.132 

lipsometrical  method; 

data  extracted  from  a 

0.550 

2.113 

figure. 

0.575 

2.108 

0.600 

2.094 

0.624 

2.085 

38 

(T-298  K) 

Hot-pressed  polycrystalline  compact,  Irtran 

Kodak  publication  U-72 

1.0000 

2.2907 

2,  product  of  Kodak  Co.;  data  extracted  from 

1971  [21] 

1.2500 

2.2777 

a  table. 

1.5000 

2.2706 

1.7500 

2.2662 

2.0000 

2.2631 

2.2500 

2.2608 

2.5000 

2.2589 

2.7500 

2.2573 

3.0000 

2.2558 

3.2500 

0.2544 

3.5000 

2.2531 

3.7500 

2.2518 

4.0000 

2.2504 

4.2500 

2.2491 

4.5000 

2.2477 

4.7500 

2.2462 

5.0000 

2.2447 

5.2500 

2.2432 

5.5000 

2.2416 

• _  _ 

5.7500 

2.2399 

f.  fin  P-G  \2  \S  >9» 

t  1 

•  f  1  I.J  V  ,  ’  iM'.  :  •  . 

a  \.  msi  ,■  : 
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Table  A-l.  Experimental  data  on  the  refractive  Index  of  zinc  sulfide  (wavelength  dependence)-*  ! 

Continued  ! 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  [ref.] 

38 

6.0000 

2.2381 

1 

Kodak  publication  U— 72, 

cont. 

6.2500 

2.2363 

j 

1971  [21] 

6.5000 

2.2344 

; .  .!•'  •  t  .  .  n.\. 

||  •  •  "I'fll  AM)  Till  » 

! 

6.7500 

2.2324 

7.0000 

2.2304 

7.2500 

2.2282 

7.5000 

2.2260 

7.7500 

2.2237 

8.0000 

2.2213 

t 

! 

8.2500 

2.2188. 

(  M/ll  1  t  -  • 

\  1  a.  •  i  »*.  '  mS  i  r.t  1 

*  t  i 

8. 5000 

2.2162 

f 

* 

- -  -- 

8.7500 

2.2135 

9.0000 

2.2107 

9.2500 

2.2078 

! 

9.5000 

2.2048 

9.7500 

2.2018 

, 

10.0000 

2.1986 

I 

11.0000 

2.1846 

12.0000 

2.1688 

13.0000 

2.1508 

39 

(T-300 

K) 

Pure  crystal  of  mixed 

cubic  and  hexagonal 

Hattori,  T. ,  Houma,  Y. 

133.989 

2.947 

structure;  crown  by  Bridglman  method  under 

Mitsuishi,  A.,  and 

137.885 

2.950 

high  temperature  and  high  pressure;  sped- 

Tache,  M..  1973 [191 

146.811 

2.930 

mens  of  500  to  1000  pm  thickness  with  devla- 

154.643 

2.930 

tion  of  surface  flatness  smaller  than  0.4Z; 

158.401 

2.928 

refractive  indices  were  determined  by  Inter- 

162. S31 

2.930 

f treiice  method;  data 

extracted  from  a  figure. 

168.098 

2.933 

172.548 

2.923 

1 

177.841 

2.915 

i 

184.118 

2.911 

i 

188.783 

2.912 

1 

195.137 

2.909 

i 

j 

201.159 

2.910 

209.223 

2.907 

217.061 

2.906 

j 

225.505 

2.905 

j 

232.542 

2.904 

i 

243.392 

2.901 

* 

252.825 

2.898 

265.703 

2.900 

279.963 

2.900 

306.260 

2.891 

321.357 

2.888 

342.454 

2.889 

363.954 

2.892 

391.252 

2.891 

* 

416.216 

2.893 

444.603 

2.898 

490.605 

2.888 

535.963 

2.905 

. 

583.942 

2.892 

i 

40 

(T-80  K) 

Pure  crystal  of  mixed 

cubic  and  hexagonal 

Hattori,  T.t  et  al., 

132.291 

2.900 

structure;  grown  by  Bridglman  method  under 

1973 [19] 

144.774 

2.898 

high  temperature  and  high  pressure;  specimens 

f  i  >»n  l'-ti 

>7  *7  7'J 

; 

•  ’  If. IS  !  !  '  .  :  '  1 

t  t 

M  «  ,,*,f 

»  <,  H'ij  e.r-t 
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I  Table  A-l.  Experimental  data  on  the  refractive  Index  of  zinc  sulfide  (wavelength  dependanc*)— 
j  Cont lnued  j 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  Iref.] 

40 

148.483 

2.887 

of  500  Co  1000  pra  thickness  with  deviation 

Hattori,  T.,  et  al.. 

cont. 

152.386 

2.889 

of  surlace  flatness  smaller  than  0.42;  re- 

1973  [19] 

160.349 

2.883 

tractive  Indices  were  determined  by  intorfer- 

164.390 

2.878 

encc  method;  data  extracted  from  a  figure. 

169.739 

2.882 

174.277 

2.878 

180.300 

2.874 

186.088 

2.874 

I 

191.556 

2.872 

198.855 

2.872  1 

205.922 

2.869 

212.635 

2.869 

221.671 

2.866 

1 

230.484 

2.865 

i 

238.931 

2.863 

, 

250.401 

2.860 

261.705 

2.860 

i 

275.528 

2.863 

287.687 

2.852 

300.960 

2.851 

319.387 

2.850 

i 

340.217 

2.850 

358.950 

2.854 

382.643 

2.856 

409.685 

2.852 

440.839 

2.850 

477.145 

2.855 

525.155 

2.856 

1 

577.501 

2.850 

41 

(T-2 

K) 

Pure  crystal  of  mixed  cubic  and  hexagonal 

Hattori,  T. ,  et  al. , 

92.113 

2.944 

structure;  grown  by  Bridgiman  method  under 

1973  [19] 

93.099 

2.937 

high  temperature  and  high  pressure;  sped- 

94.791 

2.938 

mens  of  500  to  1000  ym  thickness  with  devia- 

96.367 

2.933 

tion  of  surface  flatness  smaller  than  0.42; 

97.630 

2.928 

refractive  indices  were  determined  by  inter- 

99.302 

2.935 

ference  method;  data  extracted  from  a  figure. 

100.838 

2.921 

102.421 

2.923 

104.263 

2.918 

106.174 

2.921 

108.155 

2.918 

109.978 

2.911 

112.347 

2.914 

114.067 

2.909 

116.358 

2.901 

118.202 

2.900 

120.942 

2.893 

123.229 

2.896 

125.601 

2.889 

128.069 

2.882 

131.624 

2.882 

134.335 

2.884 

137.885 

2.882 

140.485 

2.879 

144.373 

2.881 

! 

' - - 

. . 

* 

Fnf»tt  P-G 

f  2  17  #791 

•  f 

.  |  ...  "  i .  *  ■  1  ' .  ■  *  ' 

Put*  iV»*r.i  »'•' 

1 

10?b  Vffimrl  Avwnui*.  NAV 


W«H*'.Oy(o«  (•  C.  ?00^'j 


Table  A-l.  Experimental  data  on  the  ref ractive_index_of  zinc  sulfide  (wavelength  dependence)--  , 
Continued  I  | 


Date 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  [ref.) 

41 

147.641 

2.875 

j 

Hattorl,  T. ,  et  al. ,  | 

cont 

151.062 

2.870 

I 

1973  (19) 

155.567 

2.869 

this  '••,%<  i  chaM!  i:  AMI' Till  i 

I 

159.857 

2.872 

164.390 

2.872 

i 

169.190 

2.869 

1 

173.696 

2.865 

i 

179.678 

2.865 

i 

184.771 

2.863 

190.854  • 

2.863  ’ 

•  •  :  !  r :  (  HAPr- «  on \:\r.  pam  ontmisunf  j 

ill  1 

197.352 

2.855 

1 

204.307 

2.850 

211.775 

2.850 

218.881 

2.846 

* 

228.467 

2.847 

i 

237.840 

2.849 

249.203 

2.846 

1 

259.108 

2.845 

' 

272.650 

2.849 

i 

287.687 

2.845 

t 

302.709 

2.843 

i 

317.440 

2.842 

335.841 

2.842 

358.950 

2.838 

• 

379.853 

2.840 

i 

409.685 

2.845 

437.158 

2.840 

• 

<.77.145 

2.841 

519.940 

2.841 

564.972 

2.835 

641.396 

2.841 

42 

(T-300  K) 

99%  pure  ZnS;  thin  film  specimen  of  0.16  pm; 

Kersten,  R.Th. , 

0.6328 

2.381 

evaporated  at  a  rate  of  3.7  A/sec  onto  a  BK7 

Mahlein,  H.F.,  and 

glass  substrate  maintained  at  353  K  in  a 

Rauscher,  W.,  1975 

• 

vacuum  of  5  x  10-$  bar;  refractive  index  was 

[43] 

determined  from  thickness  and  synchronous 

angle  measurements;  data  extracted  from  a 

table. 

43 

(T-298  K) 

Thin  films;  evaporated  onto  glass  substrate 

Stlpanclc,  M.  and 

0.420 

2.490 

in  a  vacuum  of  5  x  10 

mm  Hg  at  temperature 

Lugamer,  S.,  1976 

0.445 

2.448 

298  K;  deposition  rate  500  A/min.;  refractive 

[44] 

0.466 

2.423 

index  determined  by  interference  method;  data 

0.489 

2.404 

extracted  from  a  figure. 

0.516 

2.386 

0.547 

2.369 

0.576 

2.354 

- 

0.613 

2.338 

0.661 

2.321 

i 

0.702 

2.307 

0.731 

2.298 

1 

0.750 

2.294 

i 

44 

(T-300  K) 

Thin  film;  refractive 

index  at  wavelength 

Netterfleld,  R.P., 

, 

0.6328 

2.345 

0.6328  pro  was  determined  in  the  vacuum  by 

1976  [45]  j 

1  (  KM 
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i 

I 

i 

Experimental  data  on  the  refractive  Index  of  zinc  sulfide  (wavelength  dependence)— 
Cont inued 


X  n  Specifications  and  remarks  Author(a),  year  (ref.) 


44  measurements  of  the  transmittance  maxima  Netterfleld,  R.P., 

font.  during  deposition;  average  value  of  refrac-  1976  [45] 

'  tlve  Indices  obtained  for  every  X/4  thickness 

j  of  the  film  was  taken  from  a  table. 

45  (T-300  K)  Thin  film  specimens  of  various  thicknesses  Barakat,  N.,  El-Shazly, 


0.4461 

2.455 

(about  1  pm);  coated  with  silver  on  both 

A.F.A.,  and  El-Shalr, 

0.4783 

2.413 

faces;  refractive  index  determined  by  inter¬ 

H.T.,  1977  (46) 

0.5183 

2.375 

ference  method;  data  extracted  from  a  table. 

;  .  1 

0.5677  • 

2.341  • 

....  •  .  .  i 

0.6314 

2.315 

-  .  -  -  4 

(T-294. 

6  K) 

Polycrystalline  material  grown  by  CVD  method; 

Feldman,  A.,  Horowitz, 

0.55 

2.38579 

prismatic  specimen  measured  on  precision 

D.,  Waxier,  R.M. ,  and 

0.60 

2.36237 

spectrometer  by  minimum  deviation  method;  re¬ 

Dodge,  M.J.,  1978  [17] 

0.65 

2.34509 

fractive  indices  determined  to  fifth  decimal 

0.70 

2.33189 

places;  average  absolute  residual  of  n  from  a 

0.75 

2.32155 

best  fit  dispersion  equation  is  5.4  x  10~s; 

0.80 

2.31327 

data  extracted  from  a  table. 

0.85 

2.30652 

0.90 

2.30093 

! 

0.95 

2.29626 

j 

. 

1.00 

2.29230 

1 

i 

1.50 

2.27209 

1 

2.00 

2.26453 

i 

2.50 

2.26030 

3.00 

2.25719 

i 

3.50 

2.25445 

i 

4.00 

2.25178 

4.50 

2.24903 

i 

5.00 

2.24610 

i 

i 

5.50 

2.24294 

j 

6.00 

2.23953 

i 

6.50 

2.23583 

i 

7.00 

2.23183 

7.50 

2.22749 

8.00 

2.22280 

i 

8.50 

2.21775 

i 

j 

9.00 

2.21231 

9.50 

2.20645 

10.00 

2.20016 

i 

10.50 

2.19340 

(T-294. 

9  K) 

Polycr/8talline  material  grown  by  CVD  method; 

Feldman,  A.,  et  al., 

0.55 

2.38579 

prismatic  specimen  measured  on  precision 

1978  [17] 

0.60 

2.36232 

spectrometer  by  minimum  deviation  method;  re¬ 

0.65 

2.34503 

fractive  indices  determined  to  fifth  decimal 

0.70 

2.33184 

places;  average  absolute  residual  of  n  from  a 

0.75 

2.32150 

best  fit  dispersion  equation  is  4.6  x  10""’; 

0.80 

2.31322 

data  extracted  from  a  table. 

0.85 

2.30647 

0.90 

2.30089 

1 

0.95 

2.29622 

1.00 

2.29226 

1 

1.50  , 

2.27206 

1 

2.00 

2.26451 

1 

2.50- 

2.26029 

.  i 

II  1J./9I 

:  i 
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Table  A-l. 


r  , 

1  Tabic  A-l.  Experimental  data  on  the  refractive 

1 

Index. of  zinc  sulfide  ^wavelength  dependence)—  . 

Data 

set 

X 

n 

Specifications  and  remarks 

Author (a),  year  (ref.) 

j 

47 

3.00 

2.25719 

Feldman,  A.,  et  el.. 

1 

cont. 

3.50 

2.25447 

1978  [17} 

4.00 

2.25182 

•  -  AC  *  '  Mi  CU.M’ 

!  I-  \  •/HI  li  AND  llTU 

| 

4.50 

2.24907 

5.00 

2.24616 

- 

i 

< 

5.50 

2.24303 

6.00 

2.23963 

• 

6.50 

2.23595 

7.00 

2.23196 

7.50 

2.22763 

i  r.  ( .«.v  u  t  '.it 

l  NIN(.  PA  i  O'.  DUS  |. INF  i 

1  t  i 

* 

8.00 

2.22296 

- 

8.50 

2.21791 

* 

9.00 

2.21246 

- 

9.50 

2.20660 

i 

* 

10.00 

2.20029 

10.50 

2.19351 

— 

48 

(T-295 

.9  K) 

Polycrystalline;  hot  pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and  ! 

0.6328 

2.3514 

obtained  from  Eastman 

Kodak  Co.;  prism  sped- 

Kornlski,  R.t  1978  i 

1.0 

2.2949 

men;  retractive  indices  were  determined  by 

[18] 

U 

1.5 

2.2754 

minimum  deviation  method;  data  extracted  from 

| 

Z 

2.0 

2.2679 

a  table;  reported  uncertainty  2.86  x  10~%  raa 

1 

r 

2.5 

2.2634 

value. 

i 

3.0 

2.2601 

3.5 

2.2574 

| 

- 

4.0 

2.2545 

! 

- 

4.5 

2.2518 

z 

5.0 

2.2486 

5.5 

2.2453 

: 

6.0 

2.2421 

6.5 

2.2380 

I* 

7.0 

2.2337 

7.5 

2.2295 

1 

i 

8.0 

2.2247 

- 

i 

8.5 

2.2199 

Z 

9.0 

2.2141 

1 

1 

i 

K 

j 

9.5 

2.2080 

1 

1 

?  1 

10.0 

2.2014 

10.5 

2.1947 

1 

11.0 

2.1874 

- 

11.5 

2.1793 

, 

12.0 

2.1708 

t 

12.5 

2.1618 

) 

13.0 

2.1522 

1 

13.5 

2.1418 

f 

14.0 

2.1306 

49 

(T-295 

.8  K) 

Polycrvstalllne;  hot 

pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and 

• 

0.6328 

2.3516 

obtained  from  Eastman 

Kodak  Co.;  prism  sped- 

Kornlski,  R.,  1978 

1.0 

2.2958 

men;  refractive  indices  were  determined  by 

[181 

1.5 

2.2755 

minimum  deviation  method;  data  extracted  fro* 

2.0 

2.2679 

a  table;  reported  uncertainty  2.86  x  10'*  raa 

2.5 

2.2635 

value. 

3.0 

2.2600 

. 

3.5 

2.2570 

j 

4.0 

2.2546 

1 

j 

1  »'«<«  P.r» 
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.Table  A-l.  Experimental  data  on  the  refractive  Index  of  zinc  sulfide  (wavelength  dependence) - 
j  Continued  ! 


Specifications  and  remarks 


Author(s),  year  [ref.] 


119 


.  Table  A-2.  .  Experimental  data  on  the  refractiyc  index  of  zinc  sulfide  (temperature  dependence)  ! 

[Temperature,  T,  K;  wavelength,  X,  pm;  refractive  Index,  n]  ! 


Data 

set 

T 

n 

Specifications  and  remarks 

Author (a),  year  (ref.) 

1 

(X-0.436  pm) 

Natural  crystal;  prismatic  specimens  of  apex 

Hell,  M.,  1923  (8)  1 

194 

2.4804 

angles  about  22°  to  25°;  refractive  indices 

273 

2.4882 

at  various  temperatures  were  determined  by 

1 

293 

2.4917 

the  minimum  deviation  method;  data  were  ex- 

477 

2.5093 

tractcd  from  a  table;  uncertainties  less  than 

i 

637 

2.5299 

0.001  in  refractive  index  value. 

674 

2.5332 

734 

2.5441 

1 

873  . 

.  2.5616. 

1  .•• ;  :  .!•••.•  ;  mm  in-' <»■[  v;c,  r/,'.,!  ihis  ti*;i  i 

i  t  i 

.  - 

937 

2.5726 

! . 

----- 

2 

(X-0. 

546  pm) 

Natural  crystal;  prismatic  specimens  of  apex 

Mell,  M.,  1923  [8] 

135 

2.3792 

angles  about  22°  to  25°;  refractive  indices 

i 

195 

2.3828 

at  various  temperatures  were  determined  by 

273 

2.3867 

the  minimum  deviation  method;  data  were  ex- 

293 

2 . 3890 

tractcd  from  a  table;  uncertainties  less  than 

1 

477 

2.4007 

0.001  in  refractive  index  value. 

673 

2.4177 

1 

736 

2.4240 

j 

1 

854 

2.4340 

i 

874 

2.4364 

1 

i 

913 

2.4399 

! 

! 

934 

2.4420 

| 

977 

2.4452 

i 

1 

3 

(X-0. 

578  pm) 

Natural  crystal;  prismatic  specimens  of  apex 

Hell,  M.,  1923  [8) 

195 

2.3673 

angles  about  22°  to  25°;  refractive  indices 

273 

2.3709 

at  various  temperatures  were  determined  by 

293 

2.3733 

the  minimum  deviation  method;  data  were  ex- 

478 

2.3841 

tracted  from  a  table;  uncertainties  less  than 

635 

2.3979 

0.001  in  refractive  index  value. 

673 

2.3996 

! 

735 

2.4053 

i 

794 

2.4103 

! 

i 

353 

2.4148 

1 

' 

875 

2.4177 

| 

913 

2.4202 

j 

934 

2.4214 

' 

979 

2.4258 

4 

(X-0. 

619  pm) 

Natural  crystal;  prismatic  specimens  of  apex 

Mell,  M.,  1923  (8) 

198 

2.3508 

angles  about  22°  to  25°;  refractive  indices 

273 

2.3549 

at  various  temperatures  were  determined  by 

294 

2.3561 

chc  minimum  deviation  method:  data  were  ex- 

477 

2.3667 

tractcd  from  a  table;  uncertainties  less  than 

674 

2.3813 

0.001  in  refractive  index  value. 

875 

2.3982 

5 

(X-l 

.0  pm) 

Polycrystalline;  hot  pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and 

93 

2.28033 

obtained  from  Kastman  Kodak  Co.;  prism  sped- 

Kornlskl,  R.,  1978 

113 

2.28103 

men;  refractive  indices  were  determined  by 

(18] 

123 

2.28146 

minimum  deviation  method;  data  extracted  f'om 

133 

2.28204 

a  table;  reported  uncertainty  2.86  x  10~*  rma 

143 

2.28245 

value. 

153 

2.28270 

163 

2.28327 

1 

. 

1  ■'  »»  »»  ■ 

’  «•  n 

•  7  1/  7*J> 

■  •  ••  . . 'I*  C 

*  t 

t»>|  t" 

*  •  r  j  •  • .  '  *  j  •  » i  •  i  ■  .  •  :  ■  ■  -  •  i  .  : 

»  • 

I’..'  V  ■  '  '•OI-  V  IV 


L 


120  i 


l 


. Tabic 

A-2.  Experimental  data  on  th«  refractive  index  of  zinc  sulfide  (temperature  dependence)— 

1 

t 

Continued 

I 

Data 

set 

T 

n 

Specifications  and  remarks 

Author(s),  year  (ref.J 

5 

173 

2.28363 

1 

Wolfe,  W.L.  and 

cont. 

1S3 

2.28406 

1 

!  H  N'  *  •  >  T ,  Ii  ; 

Korniski,  R.,  1978 

193 

2.28458 

THIS  SPA C:  i  CMA*  » 

[18] 

203 

2.28507 

213 

2.28567 

223 

2.28651 

233 

2.28748 

i 

243 

2.28802 

i 

253 

263 

2.28887 

2.28961 

t 

•  ’  .  ;-:v  i  ha*  ■  (  h  orf  \i\  *  :  .M  l 

1  J  i 

273 

2.29007 

i 

283 

2.29076 

■ 

6 

(X-2. 

.5  um) 

Polycrystalline;  hot  pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and 

98 

2.24552 

obtained  from  Eastman 

Kodak  Co.;  prism  spec!- 

Korniski,  R.,  1978 

108 

2.24581 

men;  refractive  indices  were  determined  by 

[18] 

118 

2.24611 

minimum  deviation  method;  data  extracted  from 

128 

2.24640 

a  tabic;  reported  uncertainty  2.86  x  10  11  rms 

138 

2.24681 

value. 

148 

2.24717 

158 

2.24751 

j 

168 

2.24801 

178 

2.24851 

i 

s 

188 

2.24881 

I 

198 

2.24925 

! 

208 

2.24974 

218 

2.25030 

228 

2.25123 

1 

238 

2.25192 

; 

1 

248 

2.25251 

1 

258 

2.25319 

1 

268 

2.25377 

' 

1 

278 

2.25477 

i 

288 

2.25513 

7 

(A-7 

.0  Urn) 

Polvcrystalline;  hot 

pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and 

103 

2.2211 

obtained  from  Eastman 

Kodak  Co.;  prism  spec!- 

Korniski,  R.,  1978 

112 

2.2223 

men;  refractive  Indices  were  determined  by 

[18] 

123 

2.2227 

minimum  deviation  method;  data  extracted  from 

133 

2.2228 

a  table;  reported  uncertainty  2.86  x  lO-1*  rms 

142.5 

2.2233 

value. 

152.8 

2.2237 

162.3 

2.2241 

! 

172.8 

2.2247 

1 

183 

2.2250 

193 

2.2255 

' 

203 

2.2262 

213 

2.2265 

223.1 

2.2272 

232.9 

2.2286 

243 

2.2292 

1 

252.9 

2.2298 

l 

1 

263.5 

2.2303 

272.9 

2.2308 

i 

283 

2.2314 

S 

L . .. 
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Table  A-2.  Experimental  data  on  the  refractive  index  of  zinc  sulfide  (temperature  dependence)— 
Continued  j 


Data 

act 

T 

n 

Specif lea t lone  and  remarks 

Author(s),  year  (ref.) 

8 

(X-10. 

5  pm) 

Polycrystalline;  hot  pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and  ■ 

103 

2.1906 

obtained  from  Eastman 

Kodak  Co.;  prism  sped- 

Kornlski,  R.f  1978 

113 

2.1908 

men;  refractive  Indices  were  determined  by 

(18) 

123 

2.1913 

minimum  deviation  method;  data  extracted  from 

133 

2.1913 

a  table;  reported  uncertainty  2.86  x  10" "  nss 

143 

2.1919 

value. 

* 

153 

2.1923 

163 

2.1928 

173 

2.1933 

■  r  ;  ,Hiy  c.nAi-ii  is  oi 

MINI  l*.\l,‘.  (1\  IMIS  UlNf  1 

111  1 

183  ' 

2.1938' 

_  _ .... 

_  ___  ... 

193 

2.1941 

203 

2.1946 

213 

2.1953 

223 

2.1958 

233 

2.1965 

J 

243 

2.1972 

253 

2.1980 

! 

I 
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:  Table  A-3.  Experimental  data  on  the  temperature  derivative  of  refractive  Index  of 

T~  zinc  sulfide  (wave length” dependence) 

[Temperature,  T,  K;  wavelength,  X,  pm;  temperature  derivative  of  refractive  index,  dn/dT,  10_5K"'J 


Data 

set 


X  dn/dT 


1  (T-298-338  K) 

0.6328  6.35 

1.15  4.98 

3.39  4.59 

10.6  4.63 


2  (T-93  K) 

1.15  3.5 

3.39  2.8 

10.6  2.7 

(T-113  K) 
1.15  3.7 

3.39  3.1 

10.6  3.0 

(T-133  K) 
1.15  3.8 

3.39  3.3 

10.6  3.3 

(T-153  K) 
1.15  4.0 

3.39  3.5 

10.6  3.5 

(T-173  K) 
1.15  4.1 

3.39  3.7 

10.6  3.7 

(T-193  K) 
1.15  4.2 

3.39  3.9 

10.6  3.8 

(T-213  K) 
1.15  4.3 

3.39  4.0 

10.6  3.9 

(T-233  K) 
1.15  4.4 

3.39  4.1 

10.6  4.0 

(T-253  K) 
1.15  4.5 

3.39  4.1 

10.6  4.0 


i 


Specifications  and  remarks  Author (s),  year  [ref.) 


Polycrystalline;  produced  by  chemlcal-vapor- 
deposlt  grown  by  Haythcon;  plate  specimen; 
dn/dT  data  were  determined  from  shifts  of 
Flzeau  Interference  fringes;  data  extracted 
from  a  table;  uncertain  about  1  unit  In  the 
first  decimal  place. 


Harris,  R.J.,  Johnson, 
C.T.,  Kepple,  G.A., 
Krok,  P.C.,  and  Mukal, 


H.,  1977  [3) 


Polycrystalline  material  grown  by  CVD  method; 
plate  specimen;  dn/dT  data  were  determined 
from  a  knowledge  of  the  thermal  expansion  co¬ 
efficient  and  by  measuring  the  shift  of  Fizcau 
fringes  in  the  heated  specimen;  data  extracted 
from  a  table;  standard  deviation  about  2  units 
in  the  first  decimal  place. 


Feldman,  A. 
D.,  Waxier, 
Dodge,  M.J. 


,  Horowitz, 
R.M., 


and 


,  1978  [17] 


(T-273  K) 

1.15  4.5 

3.39  4.2 

10.6  4.1 

(T-293  K) 

1.15  4.6 

3.39  4.2 

i_  10.6  _  4.1 

foil.)  1-  I.  12  12  70'  !  !  *  I 
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Table  A-3. 

•  Experimental  data  on  the  temperature  derivative  of 
zinc  sulfide  (wavelength  dependence) — Continued 

\ 

refractive  Index  of 

Data 

set 

X 

dn/dT  Specifications  and  remarks 

Author (s),  year 

[ref.) 

2 

(T-313  K) 

Feldman,  A.,  et 

al.. 

cont. 

1.15 

4.6  ) 

1978  117) 

3.39 

4  3  IIAi  l 

I  » ;  ‘  ;  ,  ’  1  ]  •  | 

! 

10.6 

4.1  J 

(T-333  K) 

1.15 

4.7 

3.39 

4.3 

• 

10.6 

4.1 

(T-353  K)  1  ;  '  H  ' 

'  \i\.  ■  l'.\:  i  O'.  I  t-ilf.  Li  V 

i  i  i  : 

~  • 

1.15 

4.7 

- 

3.39 

4.3 

10.6 

4.1 

• 

(T-373  K) 

1.15 

4.7 

3.39 

4.3 

- 

10.6 

4.2 

i 

(T-393  K) 

- 

1.15 

4.8 

3.39 

4.4 

10.6 

4.2 

? 

(T-413  K) 

1.15 

4.8 

} 

3.39 

4.4 

10.6 

4.3 

(T-433  K) 

1.15 

4.9 

s 

V 

3.39 

4.4 

rt 

10.6 

4.4 

(T-453  K) 

1.15 

4.9 

*** 

3.39 

4.5 

10.6 

4.5 

(T-473  K) 

1 

1 

1.15 

5.0 

t 

- 

3.39 

4.6 

1 

10.6 

4.7 

|  ,  ,  -  |  |  |  -  ~|  - 

- 

f p-o  12  i?  •  «  '  i  •  “  * :  ■  ■  • 5  ‘  *  *  ;  ■  • 1  '*  *  ’  ^ 

h*  Tut*  t  i  .-rjiion 

•’u* ,  MV 

A  •  "y*  p  '  /rKK>  » 
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, _ _ _ Table  A-4.‘  Experimental  data  on  the  temperature  derivative  of  refractive  'index  of 

I  zinc  sulfide  (temperature  dependence) 

(Temperature,  T,  K;  wavelength,  X,  pm;  temperature  derivative  of  refractive  Index,  dn/dT,  10“sK"lJ 


Data 

set 

T 

dn/dT 

Specifications  and  remarks 

Author (s),  year  (ref.) 

1 

(X-l. 

15  pm) 

Polycrystalllne  material  grown  by  CVD  method; 

Feldman,  A.,  Horowitz, 

93 

3.5 

plate  specimen;  dn/dT  data  were  determined 

D.,  Waxier,  R.M.,  and 

113 

3.7 

from  a  knowledge  of  the  thermal  expansion  co- 

Dodge,  M.J.,  1978  (17) 

133 

3.8 

efficient  and  by  measuring  the  shift  of  Fizcau 

153 

4.0 

fringes  in  the  heated  specimen;  data  extracted 

173 

4.1 

from  a  table;  standard  deviation  about  2  unlta 

193 

4.2 

in  the  first  decimal  place. 

213 

4.3 

1 

233 

4.4 

253 

4.5 

| 

273 

4.5 

I 

293 

4.6 

313 

4.6 

! 

333 

4.7 

1 

353 

4.7 

373 

4.7 

i 

393 

4.8 

1 

i 

413 

4.8 

433 

4.9 

j 

453 

4.9 

473 

5.0 

1 

2 

(A-3. 

39  pm) 

Polycrystalllne  material  grown  by  CVD  method; 

Feldman,  A.,  et  al. , 

93 

2.8 

place  specimen;  dn/dT  data  were  determined 

1978  (17] 

113 

3.1 

from  a  knowledge  of  the  thermal  expansion  co- 

133 

3.3 

efficient  and  by  measuring  the  shift  of  Fizeau 

133 

3.5 

fringes  In  the  heated  specimen;  data  extracted 

173 

3.7 

from  a  table;  standard  deviation  about  2  units 

193 

3.9 

in  the  first  decimal  place. 

213 

4.0 

, 

233 

4.1 

253 

4.1 

i 

273 

4.2 

j 

293 

4.2 

1 

313 

4.3 

• 

333 

4.3 

• 

353 

4.3 

1 

373 

4.3 

393 

4.4 

413 

4.4 

433 

4.4 

453 

4.5 

473 

4.6 

3 

(A-10 

.6  pm) 

Polycrystalllne  material  grown  by  CVD  method; 

Feldman,  A.,  et  al.. 

93 

2.7 

plate  specimen;  dn/dT  data  were  determined 

1978  (171 

113 

3.0 

from  a  knowledge  of  the  thermal  expansion  co- 

133 

3.3 

efficient  and  by  measuring  the  shift  of  Fizeau 

153 

3.5 

fringes  in  the  heated  specimen;  data  extracted 

173 

3.7 

from  a  table;  standard  deviation  about  2  units 

193 

3.8 

In  the  first  decimal  place. 

213 

3.9 

233 

4.0 

253 

4.0 

273 

4.1 

293 

4.1 

►  ....  p-i.  ■}  Tj' 

Mrm  rut-Mh.r.11  C«i-»  •  iM»'» 
10,^0  Vi-»***'  »»!  Ax**  %  W 
tu'.  n  '.m  r;  «:. 


I 


VO 


1 _ 


125 


JTable  A-4.‘__  Experimental  data  on  the  temperature  derivative  of  refractive  index  of 
tine  sulfide  (temperature  dependence) — Continued 


Data 

set 

T 

dn/dT 

Specifications  and  remarks 

Author (s),  year  [ref.J  j 

3 

313 

4.1 

Feldman,  A.,  et  al.,  ! 

cont. 

333 

4.1 

1978  117)  i 

353 

4.1 

.  •  •  *  .  i  t  :  f  - 

•  ‘  >V  ‘  i  ; 

I  i 

373 

4.2 

i  j 

393 

4.2 

*  -  1 

413 

4.3 

! 

433 

4.4 

453 

4.5 

473 

4.7 

- 

4 

(1-1.0-10. 

5  pm) 

Polycrystalline;  hot  pressed  ZnS  (Irtran  2); 

Wolfe,  W.L.  and 

113 

3.8 

obtained  from  Eastman 

Kodak  Co.;  prism  speci- 

Kornlski,  R.t  1978 

. 

134 

4.3 

men;  refractive  indices  were  measured  by 

[18] 

153 

4.8 

minimum  deviation  method  and  dn/dT  values 

j 

. 

173 

5.2 

were  determined  from  An/AT;  averaged  data 

'  ■ 

192 

5.6 

extracted  from  a  figure. 

’ 

212 

6.1 

232 

6.6 

. 

253 

7.0 

■ 

< 

272 

7.4 

■  5  , 

281 

7.6 

- 

’’  jii'j 
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Table  A-5.  Experimental  data  on  the  refractive^ Index  of  zinc  selenidc  (wavelength  dependence) 
[Temperature,  T,  K;  wavelength,  X,  pm;  refractive  index,  n] 


Data 

set 


Specifications  and  remarks 


Author (s),  year  (ref.) 


1  (T-300  K) 


4.429 

2.40 

3.875 

2.40 

2.952 

2.42 

2.480 

2.42 

2.102 

2.43 

2.033 

2.42 

1.824 

2.44 

1.653 

2.44 

1.512 

2.46 

1.363 

2.46 

1.240 

2.46 

1.228 

2.47 

1.170 

2.47 

1.069 

2.48 

0.976 

2.49 

0.899 

2.50 

0.892 

2.49 

0.844 

2.51 

0.780 

2.52 

0.729 

2.54 

0.705 

2.55 

0.685 

2.56 

0.656 

2.57 

0.6200 

2.58 

0.5415 

2.66 

0.5188 

2.70 

0.5000 

2.74 

0.4715 

2.85 

0.4627 

2.90 

0.4509 

2.83 

0.4336 

2.83 

0.4133 

2.88 

0.4039 

2.92 

0.3839 

2.93 

0.3647 

3.00 

0.3464 

3.12 

0.3255 

3.20 

0.3077 

3.24 

0.2890 

3.23 

0.2756 

3.23 

0.2690 

3.25 

0.2638 

3.11 

0.2583 

2.87 

0.2536 

2.58 

0.2480 

2.57 

0.2412 

2.45 

0.2375 

2.30 

0.2271 

2.36 

0.2179 

2.43 

0.2138 

2.49 

0.2067 

2.57 

0.2013 

2.67 

0.1975 

2.65 

0.1944 

2.42 

0.1905 

2.13 

Single  crystals;  grown  by  the  vapor  growth  Aven,  M. ,  Marple, 

technique;  reflection  spectra  in  various  re-  D.T.F.,  and  Segall,  B. , 

glons  cither  directly  measured  or  converted  1961  [571 

from  measured  refractive  index;  data  reduced 

by  Kramer-Kronlg  analysis  and  presented  in 

the  form  of  n2-k2  and  2nk;  data  extracted 

from  the  curves  and  converted  to  desired 

quantities.  I 
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‘Table  A-5.  Experimental  data  on  the  refractive  Index  of  zinc  selenldu  (wavelength  dependence) — 
Continued 

i 


Data 

set 

X 

n 

Specifications  and  remarks 

Author(s),  year  [ref.] 

i 

0.1859 

1.88 

i 

Aven,  M. ,  et  al.,  1961 

cone. 

0.1810 

1.66 

i 

(57) 

0.1754 

1.44 

0.1696 

1.33 

1 

0.1642 

1.27 

0.1584 

1.30 

i 

0.1550 

1.33 

0.1529 

1.43 

j 

0.1498 

1.48 

! 

0.1478  • 

1.45  ; 

'  .  H  V  1  ■  ••  h  t  V\  •  •  ■*.  1  Hi'.  !:v.-  { 

.  ,  i 

0.1464 

1.42 

0.1400 

1.30 

| 

0.1352 

1.19 

0.1301 

1.10 

0.1240 

1.00 

2 

(T-300  K) 

Thin  film  specimen;  vacuum  evaporated  onto 

Fischer,  A.C.,  Fonger, 

0.50 

2.72 

Pyrex  i;lass  substrate;  refractive  indices 

W.,  and  Mason,  A.S., 

0.51 

2.70 

were  determined  from  interference  pattern  and 

1962  166] 

0.52 

2.68 

thickness  measurements;  data  extracted  from  a 

0.53 

2.66 

table. 

0.54 

2.65 

0.55 

2.64 

1 

1 

0.56 

2.63 

! 

0.57 

2.62 

1 

0.58 

2.61 

0.60 

2.59 

0.70 

2.53 

i 

0.80 

2.50 

0.90 

2.47 

i 

1.00 

2.46 

1.10 

2.45 

j 

1.20 

2.44 

1.30 

2.43 

i 

1.50 

2.42 

i 

1.70 

2.41 

1.90 

2.40 

3 

(T=298  K) 

Single  crystal;  impurities  0.001-0.0022  Cd,  P, 

Marple,  D.T.F.,  1964 

0.48 

2.780 

0.0005-C. 001  As,  •'0.00052  Sb,  St,Al,  Fe,  trace 

(48) 

0.50 

2.732 

of  Ag,  Au,  13,  Co,  Cr,  Cu,  Ga,  In,  Li,  Mn,  Hi, 

0.52 

2.695 

>0.002%  oxygen  and  halogens;  crystal  grown  in 

0.54 

2.665 

sealed,  argon-filled  quartz  tube  by  sublima- 

0.57 

2.629 

tion  of  the  compound  from  a  hot  furnace  zone 

0.60 

2.601 

into  a  cooler  zone  where  crystals  formed; 

0.63 

2.580 

prismatic  specimen  with  faces  flat  to  within 

0.66 

2.562 

one  wavelength  of  sodium  0  line;  data  extrac- 

0.70 

2.543 

tion  bv  using  the  equation  (given  by  the 

0.74 

2.528 

author)  n~"A+[BV /(X'-C2)),  where  A“4.00, 

0.78 

2.516 

11-1.90,  C  »0.1l3,  and  X  in  unit  of  pm;  the 

0.82 

2.506 

above  equation  fitted  experimental  data 

0.87 

2.496 

within  experimental  error  of  0.002  at  each  n 

0.92 

2.488 

in  the  wavelength  region  of  0.48  to  2.5  iim. 

0.97 

2.481 

1.02 

2.476 

! 

1.08 

2.470 

i 

1.14 

2.466 

! 

y  r  •  »•  t, 
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Table 


Data 

get 

3 

cent . 


4 
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t-5.  Experimental  data  on  the  refractive. Index,  of  zinc  sclcnide  (wavelength  dependence)  — 
Continued 


X 

n 

1.20 

2.462 

1.26 

2.458 

1.33 

2.455 

1.40 

2.452 

1.47 

2.450 

1.54 

2.448 

1.62 

2.446 

1.70 

2.444 

1.78 

2.443 

1.86 

2.442 

1.95 

2.440 

2.04 

2.439 

2.13 

2.439 

2.22 

2.438 

2.31 

2.437 

2.40 

2.436 

2.50 

2.436 

(T- 

298  K) 

0.48 

2.781 

0.50 

2.736 

0.52 

2.700 

0.54 

2.670 

0.57 

2.635 

0.60 

2 . 608 

0.63 

2.586 

0.66 

2.568 

0.70 

2.549 

0.74 

2.533 

0.78 

2.  521 

0.82 

2.511 

0.87 

2.500 

0.92 

2.492 

0.97 

2.485 

1.02 

2.479 

1.08 

2.473 

1.14 

2.468 

1.20 

2.464 

1.26 

2.460 

1.33 

2.457 

1.40 

2.454 

1.47 

2.451 

1.54 

2.449 

1.62 

2.447 

1.70 

2.445 

1.78 

2.444 

1.86 

2.443 

1.95 

2.441 

2.04 

2.440 

2.13 

2.439 

2.22 

2.438 

2.31 

2.438 

2.40 

2.437 

2.50 

2.436 

2  /JU 

. 

[  It  *  •••» 

t.iri'O* 

■<  t  *«.  ■ 

.  N  W 

Specifications  and  remarks 


Author(s),  year  [ref.) 


Marple,  D.T.K.,  1964 
(48) 


(  H  ! 


\  'HIV 


Single  crystal;  less  pure  than  above  speci¬ 
men;  crystal  grown  in  sealed,  argon-filled 
quartz  tube  by  sublimation  of  the  compound 
from  a  hot  furnace  zone  into  a  cooler  zone 
where  crystals  formed;  prismatic  specimen 
with  faces  flat  to  within  one  wavelength  of 
sodium  D  line;  data  extraction  by  using  the 
equation  (given  bv  the  author)  n  =  A  +  [ li X ‘  / 

V )  j  ,  where  A=l./I,  li-J.  19,  C  =0.105,  and 
\  in  unit  ot  urn;  the  above  equation  fitted 
experimental  data  within  experimental  error 
of  0.002  at  each  n  in  the  wavelength  region 
of  0.48  to  2.5  pm. 


Marple,  D.T.F. 
[48) 


1964 


t 

! 


I 

Table 

Data 
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5 


6 


7 
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A-5.  Experimental  data  on  ttie  refractive  Index  of  zinc  sclenlde  (wavelength  dependence)— 
Continued 

i 

i 


X 

n 

Specifications  and  remarks 

Author(s),  year  [ref.] 

(T-297  K) 

Single  crystal  having  an  orange-yellow  hue; 

Rambauske,  W.R. ,  1964 

0.404414 

2.65 

impurities  0.00012  Al,  Fe,  Ag,  and  Pb;  sup¬ 

[50] 

0.434750 

2.69 

plied  bv  Aerospace  Research  Laboratories; 

} 

0.455535 

2.82 

prismatic  specimen  with  faces  of  1.5  x  1.5 

1 

j 

0.491604 

2.7493 

cm  and  apex  angle  of  20*58*26";  deviation 

0. 508582 

2.7113 

method  used  in  the  wavelength  region  of  0.49 

0.535046 

2.6689 

to  0.65  pm  with  uncertainties  of  ±1  x  10”  **  in 

0.546074 

2.6541 

n;  reflection  method  used  in  the  region 

0.576959 

2.6219 

<0.49  p  with  uncertainties  of  ±5  x  10-2  in  n; 

0.578966 

2.6199 

data  extracted  from  a  table.  ‘ ;  •  • !  1 

;  i  * 

0.587562 

2.6125 

1 

0. 388995 

2.6113 

1 

1 

0.589592 

2.6106 

j 

> 

0.621287 

2.5875 

i 

0.636235 

2.5781 

0.643847 

2.5735 

i 

(T=297  K) 

Polycrystalline  samples  having  yellow  hue; 

Rambauske,  W.R. ,  1964 

0.404414 

2.25 

0.01-0.1%  Cd,  0.001%  Al,  Fe,  Sn,  Ha,  Pb,  and 

[50] 

0.434750 

2.31 

0.0001%  Bi;  supplied  by  the  Hanshaw  Chemical 

1 

0.455535 

2.52 

Co.;  two  prismatic  specimens  with  faces  of 

0.508582 

2.724 

1.5  x  1.5  cm  and  1.0  x  1.0  cm,  respectively, 

0.535046 

2.678 

and  apex  angles  of  30*4*9"  and  30*3*40";  un¬ 

0.546074 

2.664 

certainties  of  n  are  of  +1  x  10“ 5  in  region 

0.576959 

2.630 

>0.49  P  by  deviation  method,  of  ±5  x  10-2  in 

• 

0.578966 

2.628 

region  <0.49  p  by  reflection;  digitized  data 

0.588995 

2.620 

extracted  from  a  table. 

0.569592 

2.620 

i 

, 

0.643847 

2.584 

i 

(T= 300  K) 

Crystal;  grown  at  Aerospace  Research  Labora¬ 

Manabe,  A.,  Mltsulshl, 

20.0 

2.24 

tories,  Wrigiit-Patterson  Air  Force  Base,  OH; 

A.,  and  Yoshinag a,  H., 

28.1 

2.16 

reflection  spectra  analyzed  by  Drude  disper¬ 

1967  [16] 

32.2 

2.06 

sion  theory;  data  extracted  from  a  smooth 

36.1 

1.71 

curve. 

38.2 

1.41 

39.3 

1.17 

40.3 

0.78 

; 

41.2 

0.25 

43.5 

0.25 

44.9 

0.42 

1 

46.0 

0.66 

! 

46.5 

0.90 

47.0 

1.22 

47.4 

1.72 

48.8 

7.73 

49.7 

6.13 

50.6 

5.18 

51.4 

4.71 

52.6 

4.31 

53.7 

4.02 

55.1 

3.77 

57.6 

3.48 

61.1 

3.32 

i 

67.8 

3.07 

85.0 

2.92 

1 

i 

2  17  /ill 

;  : 

*  *  ■  *  *  •  -  ■  •  iv  ?  • 

t  1 
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Table  A-5.  Experimental  data  on  the  refractive  Index  of  zinc  selenlde  (wavelength  dependence) — 
Continued  ! 


X 

n 

Specifications  and  remarks 

Author(s),  year  [ref.] 

(T-100  K) 

Crystal;  grown  at  Aerospace  Research  Labora- 

Manabe,  A.,  et  al.. 

32.2 

2.06 

torics,  Wright-Patterson  Air  Force  Base,  OH; 

1967  [16] 

35.2 

1.62 

reflection  spectra  analyzed  by  Drude  diaper- 

37.5 

1.21 

slon  theory;  data  extracted  from  a  smooth 

38.5 

0.87 

curve. 

39.8 

0.29 

40.8 

0.15 

43.6 

0.15 

44.8 

0.26 

45.5 

0.52 

Si-''1-'  ‘.r-'V  l.H/.MLI!  oer  'V,<  t  tYy  !  MIS  l  tNt 

t  :  t  i 

45.9 

0.95 

— 

-  ... 

46.6 

2.49 

47.8 

8.82 

48.6 

6.82 

49.1 

5.84 

! 

49.9 

5.20 

51.0 

4.66 

52.5 

4.22 

53.7 

3.97 

55.1 

3.77 

(T-300  K) 

Polycrystalline,  Irtran  4;  reflection  spec- 

Handi,  A.,  Henry,  P., 

14.7 

2.50 

trum  analyzed  by  Kramer-Kronig  method;  data 

Lambert,  J.P.,  Morlot, 

22.8 

2.25 

extracted  from  a  smooth  curve. 

G.,  Strimer,  P.,  and 

31.2 

1.75 

Chanal ,  D.,  1967  [55] 

37.3 

1.15 

41.3 

0.00 

43.7 

0.34 

45.4 

1.14 

46.6 

1.83 

47.7 

8.73 

48.3 

9.19 

49.2 

8.61 

50.5 

6.58 

51.5 

5.52 

52.6 

4.92 

55.3 

4.48 

61.7 

4.01 

70.2 

3.62 

104.3 

3.31 

124.5 

3.31 

(T-90  K) 

Polycrystalline,  Irtran  4;  reflection  spec- 

Handi,  A.,  ct  al.,  1967 

5.1 

2.40 

trum  analyzed  by  Kramer-Kronig  method;  data 

155) 

18.0 

2.40 

extracted  from  a  smooth  curve. 

24.6 

2.23 

30.4 

1.94 

33.5 

1.61 

36.2 

1.21 

41.0 

0.00 

43.7 

0.00 

45.7 

0.33 

46.6 

0.94 

47.5 

21.94 

48.5 

8.10 

49.1 

6.84 

49.4 

6.11 

2  17 

T  f 
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Table  A- 5 .  Experimental 
j  Continued 

131 1 

1 

data  on  the  refractive^ 

~  i 

— 1 

Index  of  sine  selenlde  (wavelength  dependence)--  j 

!  1 

j  i 

I 

• 

i 

1 

Data 

set 

X 

n 

Specifications  and  remarks 

- 1 

Author (s),  year  (ref.) 

10 

50.5 

5.52 

Handl,  A.,  et  ml.,  1967  < 

cont. 

52.3 

5.08 

[55]  l 

! 

54.6 

4.64 

1HI*  Sl’ACl  1  i)l*  (  MAD!  '•  AND  TlTU 

! 

! 

57.1 

4.29 

j 

59.8 

4.00 

! 

66.7 

3.75 

I 

119.6 

3.58 

i 

i 

11 

(T-300  K) 

Multilayer  film;  measured  by  transmission 

Hcltmann,  W.  and  , 

•- 

0.6328 

•  2.60 

method;  refractive  index  of  bulk  ZnSe  ob- 

Koppelmann;  C. ,  1967 

tained  by  this  method 

for  the  wavelength 

[39] 

! 

1 

0.6328  Mm  at  room  temperature;  uncertainty 

1 

in  n  ±0.03.  i 

i 

1 

!  *- 

!  : 

12  (T”295  K)  Polycrystalline,  Irtran  4;  wedge  specimen  of  Hilton,  A.R.  and  Jones, 

2.633  2.445  apex  angle  15-20*;  refractive  indices  were  C.E.,  1967  [52]  I 

3.440  2.441  determined  using  minimum  deviation  method; 

4.060  2.438  experimental  error  about  -*0.0003;  data  ex-  I 

5.360  2.433  tractcd  from  a  figure;  dn/dT  at  5  pm  was  I 

6.165  2.430  found  to  be  4.8  x  10“ *K-1.  j 

7.343  2.424  i 

8.148  2.421  I  ! 

9.265  2.415  I  ) 

10.07  2.410 

11.19  2.404  | 

12.00  2.398  ' 

13.30  2.386 

14.11  2.379  | 

I 

13  (T-198  K)  Polycrystalline,  Irtran  4;  wedge  specimen  of  Hilton,  A.R.  and  Jones,  ; 


2.577 

2.440 

apex  angle  15-20°;  refractive  indices  were 

C.E. »  1967  [52) 

3.631 

2.434 

determined  using  minimum  deviation  method; 

4.127 

2.433 

experimental  error  about  ±0.0003;  data  ex- 

5.304 

2.428 

tracted  from  a  figure; 

;  dn/dT  at  5  pm  was 

i 

6.171 

2.425 

found  to  be  4.8  x  10” ! 

>K“I . 

,  - 

7.410 

2.420 

1 

8.092 

2.416 

1 

9.394 

2.410 

i 

•  : 

10.14 

2.406 

11.13 

2.399 

11.94 

2.393 

12.56 

2.388 

13.06 

2.383 

(T-290  K) 

Polycrystalline,  Irtran  4;  plate  specimen; 

Handl,  A. ,  Claudel ,  J* , 

66.667 

3.78 

reflection  spectrum  annlygod  by  Kramer-Kronig 

and  Strlmcr,  P.,  1968 

63.492 

3.73 

analysis;  data  extracted  from  a  smooth  curve. 

[56) 

58.207 

4.06 

** 

54.437 

4.79 

51.760 

5.84 

j 

50.302 

7.54 

49.751 

8.38 

| 

48.780 

5.53 

1 

1 

48.473 

3.11 

1 

j 

I 

! 

48.008 

1.96 

47.393 

1.22 

! 

I 

l.nuPI,  (?  :3  fjt  *  I  !  t  \1  :  .1  •  1  VI  .  1 1  y  J  i  .  ,  IMIS  I  :\j  *  t  •  t 
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jJable.A-5.  Experimental  data  on  tlie  refractiye_ index _of  zinc  sclenlde  (wavelength  dependence)--  ! 
Continued  "i 


Data 

set 

X 

n 

1  14 

45.269 

0.40 

cone. 

43.365 

0.28 

40.339 

0.29 

! 

39.032 

0.74 

1 

37.951 

1.22 

36.860 

1.42 

i 

28.843 

1.82 

15 

(T-290  K) 

t 

66.667 

•  3.80 

61.958 

3.89 

59.032 

4.14 

56.786 

4.44 

54.765 

4.85 

52.994 

5.48 

51.626 

6.22 

50.942 

7.04 

49.677 

9.81 

49.092 

9.42 

48.123 

2.29 

47.755 

1.67 

47.192 

1.06 

45.956 

0.53 

40.950 

0.27 

39.635 

0.57 

38.625 

1.17 

37.300 

1.48 

35.524 

1.67 

r 

29.985 

2.02 

16 

(T-80 

K) 

66.667 

3.78 

64.103 

3.54 

60.060 

3.53 

57.176 

3.80 

54.437 

4.15 

52.549 

4.66 

51.361 

5.15 

50.226 

5.92 

49.432 

7.08 

48.356 

10.05 

47.962 

10.48 

47.461 

10.15 

46.598 

1.68 

45.788 

0.58 

44.170 

0.24 

39.139 

0.16 

38.417 

0.51 

37.750 

1.03 

36.590 

1.34 

28.843 

1.82 

17 

(T-80  K) 

65.531 

3.59 

59.773 

3.84 

55.617 

4.28 

—  -*- 

-  53.648  - 

4.62 

fot.r.  P-6  II  12,  All 

i  1 

tafmiH’Aff'f  PublH'tiny  C or 

[inul'on 

Specifications  and  remarks 


Author(s),  year  tref.J 


This  '.PACl  IDH  CH.M’llll  N'.'MI'I  '  AVu  Ill'  I 


Handi,  A.,  et  al . ,  1968 
[56] 


Polycrystalline,  Irtran  4;  plate  specimen; 
reflection  spectrum  analyzed  by  Lorcntz 
oscillator  model  (one  oscillator  only);  data 
extracted  from  a  smooth  curve. 


Handi,  A.,  et  al.,  1968 
•  [56]  •  ‘ 


Polycrystalline,  Irtran  4;  plate  specimen;  Handi,  A.,  et  al.,  1968 

reflection  spectrum  analyzed  by  Kramer-Kronig  [56] 
analysis;  data  extracted  from  a  smooth  curve. 


Polycrystalline,  Irtran  4;  plate  spcctaen; 
reflection  spectrum  onalyzod  by  Lorentc 
oscillator  model  (one  oscillator  only);  data 
extracted  from  a  smooth  curve. 


Handi,  A.,  et  al.,  1968 
156) 


■i  b  i  i:.< 
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,  ~l 

Table  A-5.  Experimental  data  on  the  refractive  index  of  tine  selenlde  (wavelength  dependence)-- J 
Continued  j  1 


Data 

set 

X 

n 

Specification*  and  remarks 

Author (s),  year  (ref.) 

17 

52.056 

5.01 

| 

Handl,  A.,  et  al.,  196 

com. 

51.046 

5.41 

1 

156)  i 

49.776 

6.30 

THIS  j  ,\C:  1  OP  CMAPTI  fi  Nl'MntlT  AND  f IT Lt 

1 

48.780 

7.49 

1 

| 

47.529 

14.67 

! 

47.103 

5.15 

i 

46.970 

2.54 

46.642 

1.60 

45.788 

0.63 

i 

43.197  • 

0.30  » 

.  (  MAI  T1  I.  ul 

•i  NINO  I’Al  ;  ON  THIS  liNi  1 

»  i  i 

39.793 

0.00 

i 

38.865 

0.23 

i 

37.258 

1.02 

36.630 

1.32 

34.977 

1.57 

29.985 

2.02 

i 

18 

(T-300  K) 

ZnSc  film  deposited  oi 

i  aluminum  layer;  re- 

Hcitmann,  W. ,  1968  I 

0.633 

2.57 

fractive  index  was  determined  from  transmit- 

167) 

tance  and  thickness  measurement;  data  ex- 

i 

tracted  from  a  table. 

19 

(T-300  K) 

ZnSe  film  deposited  on  silver  layer;  refrac- 

Heltmann,  W. ,  1968  ! 

0.633 

2.54 

tive  index  was  determined  from  transmittance 

[67)  l 

and  thickness  measurements;  data  extracted 

from  a  table. 

20 

(T-300 

K) 

Vacuum  deposited  thin 

layer  specimen;  1.06  pm 

Kot,  M.V.  and  Tyrzlu,  ; 

0.50 

2.65 

thick;  vacuum  annealed  for  50  hr.  at  623  K;  re- 

V.G.,  1970  [68] 

fractive  index  at  0.50  urn  determined  by  In- 

tcrfercnce  method;  data  extracted  from  a 

table. 

! 

1 

21 

(T-298 

K) 

Hot-pressed  polycrystalline  compact,  Irtran 

Kodak  publication  U-72 

1.0000 

2.485 

4;  product  of  Kodak  Co.;  data  extracted  from 

1971  [21] 

1.2500 

2.466 

a  table. 

1.5000 

2.456 

1.7500 

2.450 

2.0000 

2.447 

2.2500 

2.444 

2.5000 

2.442 

2.7500 

2.441 

1 

3.0000 

2.440 

3.2500 

2.438 

3.5000 

2.437 

3.7500 

2.436 

4.0000 

2.435 

4.2500 

2.434 

4 . 5000 

2.433 

4.7500 

2.433 

5.0000 

2.432 

5.2500 

2.431 

! 

5.5000 

2.430 

5.7500 

2.429 

! 

6.0000 

2.428 

l 

6.2500 

2.426 

6.5000 

2.425 

f  or*',  r  r. 

\7  i?  W 

!  ! 

•  1  i-  ■  .  >m-  •  ■  : 
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.Table  A- 5. 

t 


Experimental  data  on  the  refractive  index  of  tine  selenide  (wavelength  dependence)-- 
Continued 


Data 

set 

A 

n 

21 

6.7500 

2.424 

cont. 

7.0000 

2.423 

7.2500 

2.422 

7.5000 

2.421 

7.7500 

2.419 

8.0000 

2.418 

8.2500 

2.417 

8.5000 

2.416 

8.7500 

2.415 

9.0000 

'  2.413 

9.2500 

2.411 

9.5000 

2.410 

9.7500 

2.409 

10.0000 

2.407 

11.0000 

2.401 

12.0000 

2.394 

13.0000 

2.386 

14.0000 

2.378 

15.0000 

2.370 

16.0000 

2.361 

17.0000 

2.352 

18.0000 

2.343 

19.0000 

2.333 

20.0000 

2.323 

Specifications  and  remarks 

IHIS  SIW'i  I  (:•:  CHAM |  >•  \  '  •  I!  .V  ;  T|T| 


ST  ,i  •  ’ 1  ^  »  I  r.v  l  MAI'!(  K  }  ;  \|  V '  ■'.%  i.  i :  •  ilS 

j 


22  (T=300  K)  Crystals;  pure;  grown  by  Bridgiman  method 


540.54 

2.999 

under  high  temperature  and  high  pressure; 

502.51 

3.012 

specimens  of  thicknesses  ranging  from  500 

460.83 

3.011 

to  1000  pm;  measured  by  interference  method; 

425.53 

3.006 

data  extracted  from  a  figure. 

400.00 

3.010 

374.53 

3.018 

j 

349.65 

3.012 

i 

333.33 

3.012 

; 

1 

316.46 

3.017 

I 

| 

300.30 

3.014 

j 

286.53 

3.016 

• 

273.97 

3.021 

j 

261.78 

3.019 

1 

250.63 

3.025 

1 

240.96 

3.026 

232.02 

3.028 

( 

223.71 

3.028 

215.52 

3.030 

207.90 

3.027 

i 

201.61 

3.046 

194.93 

3.035 

i 

188.68 

3.039 

1 

183.82 

3.034 

168.92 

3.047 

j 

164.20 

3.049 

160.26 

3.055 

i 

156.25 

3.063 

1 

Author (s),  year  [ref.J 

Kodak  publication  0-72 
1971  (21) 


I  J  1 


Hattori,  T.,  Hommn,  Y. 
Mitsuishl,  A.,  and 
Tacfcc,  M.,  1973  (19) 


*«•«.  p  <>  ij  i?  rsi  f  !  t  »  •>  \  t’  '  ■  »  i  ,  .  '  t  •  l 

H»*tn  C0r|.<O',ii .o*'  | 

tO/'j  .r«f  Avt'nwc,  N.W. 

L>.C  7000b 
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A-5.  Experimental  data  on  the  refractive  : 
Continued 

ndex  of  zinc  sclcnide 

'  ;  '  1 

(wavelength  dependence)-- J  1 

^ 1 

Data 

set 

X 

n 

Specif icationa  and  remarks 

Author (s),  year 

Ircf.] 

1 

I  23 

(T-80  K) 

Crystals;  pure;  grown 

by  Bridgiman  method 

Hattorl,  T.,  et 

si.. 

[1 

421.94 

2.971 

under  high  temperature  and  high  pressure; 

1973  119) 

1 

! 

396.83 

2.969 

specimens  of  thicknesses  ranging  from  500 

i 

;  | 

370.37 

2.971 

to  1000  pm;  measured 

jy  Interference  method; 

i  • 

350.88 

2.976 

data  extracted  from  a 

figure. 

. 

i 

330.03 

2.975 

311.53 

2.976 

i  j  •: 

j 

297.62 

2.979 

I 

283.29 

2.977 

..  1  ' 

270.27  • 

2.981  1 

'  •  •  «‘l\v  (  MAh  11 1-  f.n  l  ITU:!  ON  THIS  LIM 

1  1  J  1 

i , 

258.40 

2.980 

...  _  -  - 

-  —  '  “ 

248.14 

2.986 

i : 

238.10 

2.986 

i  ■ 

228.83 

2.989 

220.75 

2.988 

213.68 

2.989 

205.76 

2.990 

198.41 

2.995 

1  *'  i 

192.68 

2.995 

"z. 

187.27 

2.998 

181.49 

3.001 

i 

175.75 

3.000 

j 

171.23 

3.001 

166.11 

3.006 

24 

(T”2  K) 

Crystals;  pure;  grown  by  Bridgiman  method 

Hat tori,  T.,  et 

al.. 

1162.79 

2.949 

under  high  temperature  and  high  pressure; 

1973  H9J 

980.39 

2.954 

specimens  of  thicknesses  ranging  from  500 

833.33 

2.938 

to  1000  um;  measured  by  interference  method; 

735.29 

2.944 

data  extracted  from  a 

figure. 

' 

657.89 

2.954 

9 

- 

591.72 

2.949 

9 

534.76 

2.948 

I 

492.61 

2.960 

9 

454.55 

2.947 

— 

420.17 

2.951 

: 

392.16 

2.954 

’ 

369.00 

2.959 

347.22 

2.950 

328.95 

2.962 

309.60 

2.960 

294.12 

2.962 

280.11 

2.960 

268.10 

2.963 

• 

257.07 

2.966 

246.91 

2.970 

238.10 

2.972 

228.31 

2.971 

218.82 

2.975 

208.77 

2.978 

192.68 

2.985 

179.21 

2.988 

168.07 

2.995 

157.48 

3.001 

148.81 

3.008 

I  1 

140.06 

3.013 

... 

133.51 

3.021 

- 

-- 

. 

i  i 

'd  ..  . 

I  ‘  ■  *  l  •  I  •  J  »  >  1 

i  t  vi  *V'  Tm*.  i  IV  J 

t  t  T 
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A-5.  Experimental  data  on  the  refractive  index  of  tine  solcnlde  (wavelength  dependence) —  • 
Continued 


Specifications  and  remarks 


Author (s),  year  (ref.) 


24  127.55 

3.031 

Hattori,  T. ,  et  al.. 

cont.  121.65 

3.041 

1973  (19J  , 

116.41 

3.049 

Ti..';:  'PV.r:.  1  mt  fii.M' 

ii  vv  r  .v  -mi 

111.98 

3.064 

107.53 

3.071 

103.63 

3.082 

1 

100.10 

3.092 

96.62 

3.105 

93.72 

3.122 

90.74 

3.132  * 

SIM-  '  : i  l\<\  CHAPT.  1  ill 

•l  'i\\  \  ’Yu  •  ;  v  ftit\  t  ;*.! 

i  i  t  1 

~  88.34 

3.149 

- -  .... 

•  •  — 

85.76 

3.165 

83.54 

3.181 

25  (T-300  K) 

Polycrystalline;  chemical  vapor  deposited; 

Franzen,  D.L. ,  1975 

10.6 

2.41 

refractive  index  determined  by  deviation 

169) 

; 

method;  data  extracted 

1  from  a  table. 

26  (T-300  K) 

Thin  film;  cubic  crystal;  specimens  of  thick- 

Thutupalli,  C.K.M.  and 

0.342 

3.011 

ness  0.75  to  3.50  pm; 

substrate  held  at  room 

Tomlin,  S.C.,  1976 

0.353 

2.952 

temperature  during  deposition;  refractive  in- 

[701 

0.376 

2.893 

dex  data  determined  by 

i  interference  method; 

0.409 

2.848 

data  extracted  from  a 

figure. 

0.451 

2.804 

i 

0.475 

2.804 

1 

0.486 

2.789 

0.492 

2.757 

1 

; 

0.550 

2.624 

0.618 

2.543 

0.701 

2.495 

0.826 

2.452 

1.022 

2.430 

1.233 

2.420 

1.660 

2.414 

2.070 

2.408 

27  (T-300  K) 

Thin  film;  cubic  crystal;  specimens  of  thick- 

Thutupalll,  C.K.M.  and 

0.344 

3.100 

ness  0.75  to  3.50  pm; 

substrate  bold  at  773  K 

Tomlin,  S.O.,  1976 

0.353 

3.056 

during  deposition;  refractive  index  data  de- 

I  70) 

0.369 

2.996 

termined  by  interference  method;  data  ex- 

0.392 

2.952 

tracted  from  a  figure. 

0.415 

2.907 

| 

0.442 

2.907 

0.459 

2.878 

0.469 

2.863 

1 

0.492 

2.797 

0.512 

2.741 

1 

0.546 

2.660 

1 

0.618 

2.587 

0.709 

2.533 

0.821 

2.499 

1.031 

2.475 

1 

1.235 

2.467 

1.660 

2.456 

< 

2.070 

j 

2.455 

; 

Fprtn  P-G  (2  1?,  W) 

r  r 

t  1  :  , 

• 
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Table  A-5.  Experimental  data  on  the  refractive  Index  of_zinc  sclcnlde  (wavelength  dependence) — 


Continued 

i 

----  -  -  -  -  -  -  --  -  -  - 

Data 

sot 

A 

n 

Specification*  and  remarks 

Author (•),  year  [ref.) 

28 

(T-300 

K) 

Prism  specimen  having 

faces  14  mm  x  5  mm  and 

Wunderlich,  J.A.  and  , 

0.4765 

2.826 

apex  angle  16*;  refractive  index  determined 

DcShater,  L.C.,  1977 

0.4880 

2.784 

using  the  minimum  deviation  method;  date  ex- 

153) 

0.4965 

2.759 

tracted  from  a  table; 

reported  uncertainty 

0.5017 

2.746 

10.002. 

0.5145 

2.721 

0.5676 

2.645 

0.5868 

2.627 

0.6072 

2.611 

0.6328 

2.592  ' 

x:Ai  :  i  mm  It  !•;  ort  n'M  f.v  :  .  -n  1  his  li‘,1 

t  -  . 

(lit 

29 

(T=300  K) 

Specimens  of  crystals  and  films;  refractive 

Pedlnoff ,  M.E., 

10.6 

2.46 

indices  at  10.6  pm  were  determined  by  a  modu¬ 

Braunsteln,  M. ,  and 

lated  light  cllipsometer ;  averaged  value  of 

Stafsudd,  O.M.,  1977 

n  was  extracted  from  a  table;  average  uncer¬ 

171]  ; 

tainty  for  bulk  crystal  ±0.02,  for  film 

±0.09. 

i 

30 

(T-293.3  K) 

Polycrystalline  material  grown  by  CVD  method; 

Feldman,  A.,  Horowitz, 

0.55 

2.66246 

prismatic  specimen  measured  on  precision 

D.,  Waxier,  R.M.,  and 

0.60 

2.61380 

spectrometer  by  minimum  deviation  method; 

Dodge,  M.J.,  1978  117] 

0.65 

2.58054 

refractive  indices  determined  to  fifth  deci¬ 

0.70 

2.55636 

mal  places;  data  extracted  from  a  table. 

0.75 

2.53804 

0.80 

2.52373 

0.85 

2.51230 

1 

0.90 

2.50298 

0.95 

2.49528 

1.00 

2.48882 

1.50 

2.45708 

: 

2.00 

2.44620 

2.50 

2.44087 

3.00 

2.43758 

3.50 

2.43517 

; 

4.00 

2.43316 

4.50 

2.43132 

5.00 

2.42953 

5.50 

2.42772 

6.00 

2.42584 

6.50 

2.42388 

7.00 

2.42181 

7.50 

2.41961 

8.00 

2.41728 

8.50 

2.41481 

9.00 

2.41218 

9.50 

2.40939 

10.00 

2.40644 

10.50 

2.40331 

11.00 

2.40000 

11.50 

2.39650 

12.00 

2.39281 

12.50 

2.38892 

13.00 

2.38481 

13.50 

2.38048 

14.00 

2.37593 

14.50 

2.37114 

. 

. .  p 

.  >7  ir  vj> 

!  1 

*  !  \  ’  •  t  ’  •  »  I 

I'm'  •  ’  •  ss  ;  i\i  1  1 

t  t 

fir  n  ; 

ip  $*t, t. 

V 

r  i  .«*  f, 

. 
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Experimental  data  on  the  refractive  Index  of  zinc  selenide  (wavelength  depcnderce)- 
Contlnued  ~”T 


Data 

set 

X 

n 

30 

15.00 

2.36610 

cont. 

15.50 

2.36080 

16.00 

2.35523 

16.50 

2.34937 

17.00 

2.34322 

17.50 

2.33675 

18.00 

2.32996 

Specifications  and  remarks 


Author (s),  year  [ref.) 


0.55 

2.66278 

0.60 

2.61409 

0.65 

2.58090 

0.70 

2.55676 

0.75 

2.53846 

0.80 

2.52415 

0.85 

2.51270 

0.90 

2.50336 

0.95 

2.49563 

1.00 

2.48915 

1.50 

2.45721 

2.00 

2.44624 

2.50 

2.44086 

3.00 

2.43755 

3.50 

2.43513 

4.00 

2.43312 

4.50 

2.43128 

5.00 

2.42949 

5.30 

2.42769 

6.00 

2.42582 

6.50 

2.42387 

7.00 

2.42181 

7.50 

2.41962 

8.00 

2.41731 

8.50 

2.41485 

9.00 

2.41224 

9.50 

2.40947 

10.00 

2.40653 

10.50 

2.40342 

11.00 

2.40014 

11.50 

2.39666 

12.00 

2.39299 

12.50 

2.38913 

13.00 

2.38505 

13.50 

2.38075 

14.00 

2.37623 

14.50 

2.37148 

15.00 

2.36647 

15.50 

2.36121 

16.00 

2.35568 

16.50 

2.34987 

17.00 

2.34376 

17.50 

2.33735 

18.00 

2.33060 

foxn  P-fi  l»  17'79>  !  t 

Mrmujihric  Publ»vh*nq  Co«i|0’<>',on 
VfM*iont  Avr*nuf ,  N  W 
w*- **««>•*««  nr  9nnnr<i 


ThK  SPACf  f  OH  CHAP71  ft  M-  V!»f  >?  AV!i>  1 1  f  I  t 


Feldman,  A.,  et  al.t 
1978  [17) 


Polycrystalline  material  grown  by  CVD  method; 
prismatic  specimen  measured  on  precision 
spectrometer  by  minimum  deviation  method;" 
refractive  indices  determined  to  fifth  deci¬ 
mal  places;  data  extracted  from  a  table. 


Feldman,  A.,  et  al . , 
1978  1171  • 
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Table  A-S.  Experimental  data  on  the  refractive. index_o£  .zinc  aelenide  (wavelength  dependence) -- 
Continued 


Data 

set 


Specifications  and  remarks 


Author(s) ,  year  (ref.) 


32  (T«300  K)  Refractive  index  was  determined  by  Infrared 

3-5  2.408  spectroscopic  method;  the  wavelength  region, 

3-5  um,  was  found  to  be  nondlsporslve  having 
a  constant  refractive  index  of  2.408  i  0.003. 


Kulakov,  M.P.  and 
Fadeev,  A.V.,  1980 
(47) 


■  -il  i)V  MilHI  1  HAN  T Mill  E  CHARACII  »!■> 
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i 

.  Table. A-6.  Experimental  data  on  the  refractive  index  of  zinc  sulunidc  (temperature' dependence)  1 
1,1  ] 
[Temperature,  T,  K;  wavelength]  X,  pm;  refractive  index,  nj  i 


i 


Data 

sec 

T 

n 

Specifications  and  remarks 

Auth9r(s),  year  [ref.J 

i 

(A-10.6  pm) 

CVD  ZnSe  product  of  RCA  Inc.;  prism  (sample 

Thompson,  C.J.C., 

80 

2.3955 

No.  1)  specimen  of  15°  apex  angle  and  the 

DcBull,  A.C.,  and 

100 

2.3966 

face  flat  to  X/4  in  the  visible;  refractive 

Wolfe,  W.L.,  1979  (54) 

125 

2.3980 

indices  were  determined  by  a  minimum  devia- 

150 

2.3993 

tion  method  and  accurate  to  approximately 

175 

2.4007 

i2  x  1 0—  ** ;  data  extracted  from  a  figure. 

200 

2.4021 

225 

2.4035 

1 

1 

250 

.  2.4048  . 

■  •  ■  :  ■  .  i  i  ,)i .  • 

i  ;  ;  ; 

- 

275 

2.4062 

» 

.  .  .  i 

30C 

2.4076 

i 

i 

' 

2 

<x«: 

1.8  pm) 

CVD  7.nSe  product  of  RCA  Inc.;  prism  (sample 

Thompson,  C.J.C.,  et  i 

80 

2.4236 

No.  2)  specimen  of  15°  apex  angle  and  the 

al. ,  1979  [54] 

100 

2.4247 

face  flat  to  A/4  in  the  visible;  refractive 

125 

24.261 

indices  were  determined  by  a  minimum  devia- 

150 

2.4276 

tion  method  and  accurate  to  approximately 

' 

175 

2.4290 

±2  x  10-1*;  data  extracted  from  a  figure. 

' 

200 

2.4304 

225 

2.4318 

250 

2.4333 

1 

275 

2.4347 

| 

! 

300 

2.4361 

■ 

3 

(X=: 

1.8  pm) 

CVD  ZnSe  product  of  RCA  Inc.;  prism  (sample 

Thompson,  C.J.C.,  et 

80 

2.4245 

No.  1)  specimen  of  15*  apex  angle  and  the 

al.,  1979  [54] 

100 

2,4253 

face  flat,  to  X/4  in  the  visible;  refractive 

125 

2.4268 

indices  were  determined  by  a  minimum  devia- 

150 

2.4285 

tion  method  and  accurate  to  approximately 

175 

2.4299 

±2  x  10’ 11 ;  data  extracted  from  a  figure. 

200 

2.4313 

225 

2.4327 

1 

250 

2.4342 

1 

275 

2.4356 

1 

300 

2.4370 

l 

l 

4 

(A’10.6  pm) 

CVD  ZnSe  product  of  RCA  Inc.;  prism  (sample 

Thompson,  C.J.C.,  et 

80 

2.3946 

No.  2)  specimen  of  15*  apex  angle  and  the 

al.,  1979  [54] 

100 

2.3957 

face  flat  to  A/4  in  the  visible;  refractive 

125 

2. 39/1 

indices  wore  determined  by  a  minimum  devia- 

150 

2.3984 

tion  method  and  accurate  to  approximately 

175 

2.3998 

12  x  10** ;  data  extracted  from  a  figure. 

200 

2.4012 

225 

2.4026 

1 

250 

2.4039 

l 

275 

2.4053 

300 

2.4067 

. 

i 
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Table  'A-7.'  Experimental  data  on  the  temperature  derivative  of  refractive' index  of 
zinc  selenldc  (wavelength  dependence) 


l 


(Temperature,  T,  K;  wavelength,  X,  pm;  temperature  derivative  of  refractive  Index,  dn/dT,  10“*K”,i] 


Data 

act 


dn/dT 


Specifications  and  remarks 


Author(s),  year  [ref.]' 


(T-300  K) 
5.0  4.8 


2  (T=300  K) 

10.6  5.9 


3  (T=296-358  K) 

10.6  5.8 


Polycrystalline  wedge  sample  (lrtran  4);  re¬ 
fractive  indices  in  the  wavelength  region 
between  2.5  and  14  Pm  were  measured  at  two 
temperatures  by  deviation  method;  dn/dT  at 
5.0  pm  was  determined. 

] 

Plate  specimen;  dn/dT  determined  based  on 
the  change  of  specimen  thickness  with  tem¬ 
perature  and  known  values  of  refractive 
inuf-x,  thickness  of  specimen,  and  linear 
expansion  coefficient;  data  extracted  from  a 
table.  . 

Polycrystalline  specimen  (lrtran  4);  the 
temperature  derivative  of  the  refractive 
index  was  measured  by  a  modified  interfer¬ 
ometry  using  a  laser  Doppler  interferometer 
for  accurate  monitoring  of  the  sample  tem¬ 
perature  change  in  the  temperature  range  from 
296  K  to  358  K. 


Hilton,  A.R.  and  Jones', 
C.E.,  1967  [52] 


Kolosovskll,  O.A.  and 
Ustlmenko, .L.N. ,  1972 
[62]  - 


Skolnlk,  L.H.  and 
Clark,  O.M. ,  1974  [63] 


(T=296-335  K) 

10.6  10.0 


Polycrystalline  specimen  (Raytheon  CVD);  the 
temperature  derivative  of  the  refractive 
index  was  measured  by  a  modified  interfer¬ 
ometry  using  a  laser  Doppler  interferometer 
for  accurate  monitoring  of  the  sample  tem¬ 
perature  change  in  the  temperature  range  from 
296  K  to  335  K. 


Skolnlk,  L.H.  and 
Clark,  O.M. ,  1974  [63] i 


(T»335-355  K) 

10.6  12.0 


Polycrystalline  specimen  (Raytheon  CVD);  the 
temperature  derivative  of  the  refractive 
index  was  measured  by  a  modified  interfer¬ 
ometry  using  a  laser  Doppler  interferometer 
for  accurate  monitoring  of  the  sample  tem¬ 
perature  change  in  the  temperature  range  from 
335  K  to  355  K. 


Skolnlk,  L.H.  and 
Clark,  O.M. ,  1974  [63] 


(T-293-473  K) 

3.51 

6.9 

6.32 

6.7 

7.53 

6.66 

8.67 

6.57 

9.73 

6.56 

13.15 

6.5 

15.07 

6.4 

Polycrystalline  CVD,  grown  by  Raytheon  Co.; 
prism  specimen  of  22.5°  apex  angle;  dn/dT 
determined  based  on  refractive  index  data 
measured  at  various  temperatures;  small  cor¬ 
rection  to  dn  due  to  expansion  of  air  was 
included  in  the  calculation;  data  extracted 
from  a  table. 


Manglr,  M.S.  and 
Hellwarth,  R.W.,  1977 
[64] 


(T-298-338  K) 
0.6328  9.11 

1.15  5.97 

3.39  5.34 

10.6  5.20 


Polycrvstallinc;  produced  by  chemical -vapor- 
dcposlt  grown  by  Raytheon;  plate  specimen; 
dn/dT  data  were  determined  from  shifts  of 
Fizeau  interference  fringes;  data  extracted 
from  a  table;  uncertainty  about  one  unit  in 
the  first  decimal  place. 


Harris,  R.J.,  Johnson, 
C.T. ,  Kepplc,  G. A. , 
Krok,  P.C.,  and  Mukat, 
H.,  1977  [3] 
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Table  -A-7.-  Experimental  dace  on  the  temperature  derivative  of  refractive  Index  of 
zinc  selcnide  (wavelength  dependence) — Continued 


(T-93  K) 
0.6328  7.6 

1.15  5.4 

3.39  5.0 

10.6  4.9 

(T-113  K) 
0.6328  8.2 

1.15  5.7 


(T-133  K) 
0.6328  8.7 

1.15  6.0 

3.39  5.4 

10.6  5.4 

(T-153  K) 
0.6328  9.1 

1.15  6.3 

3.39  5.6 

10.6  5.5 

(T-173  K) 
0.6328  9.4 

1.15  6.5 

3.39  5.8 

10.6  5.7 

(T-193  K) 
0.6328  9.7 

1.15  6.6 

3.39  5.9 

10.6  5.8 

(T-213  K) 
0.6328  10.0 

1.15  6.7 

3.39  6.0 

10.6  5.9 

(T-233  K) 
0.6328  10.2 

1.15  6.8 

3.39  6.1 

10.6  6.0 

(T-253  K) 
0.6328  10.3 

1.15  6.9 

3.39  6.1 

10.6  6.0 

0273  K) 
0.6328  10.5 

1.15  7.0 

3.39  6.2 

10.6  6.1 


Specification*  and  remarks 


Polycrystalline  material  grown  by  CVD  method; 
plate  specimen;  dn/dT  data  were  determined 
from  a  knowledge  of  Che  thermal  expansion 
coefficient  and  by  measuring  the  shift  of 
Flzeau  fringes  in  the  heated  specimen;  data 
extracted  from  a  Cable;  standard  deviation 
about  one  unit  in  the  first  decimal  place. 


\Ht  1  ■  "IM-  C.H/.I'T*  f<  Of'IAlV  PA(i!  ON  I»oS  !.■' 


Author (s),  year  [ref.] 


Feldman,  A.,  llorowltz, 
D.,  Waxier,  R.M.,  and 
Dodge,  M.J. ,  1978  117] 


Fn.<n  P-6  I*  t?/79)  1 

H  inuphfti'  Pubi«.h»n»|  C'i<iK>»8tion 
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_  Table  A-7.  Expcrinvnt.il  data  on  the.  temperature  .derivative  of  refractive  ‘ind^x  of 
zinc  selenide  (wavelength  depcndcnce)--Continued 


Data 

set 

X 

dn/dT 

Specifications  and  remarks 

— 

Author (s),  year  [ref.) 

8 

(T-293 

K) 

Feldsum,  A.,  et  al.t 

cunt. 

0.6328 

10.6 

1978  [17) 

1.15 

7.0 

THI<  ceACt  FO H  C»*A<* 

M  i:  ■■‘fit  Iifi  f 

3.39 

6.2 

10.6 

6.1 

(T-313 

K) 

0.6328 

10.7 

1.15 

7.0 

3.39.  .  6.2  J  :..M  ;  .i'w  f  HAt'THi  ()•"!  MN'.  I-A'.f  IMIS  LlNfc  till 


10.6  6.1 
(T-333  K) 


0.6328 

10.8 

1.15 

7.1 

3.39 

6.3 

10.6 

6.1 

(T-353 

K) 

0.6328 

10.9 

1.15 

7.1 

3.39 

6.3 

10.6 

6.2 

(T-373  K) 
0.6328  11.0 

1.15  7.2 

3.39  6.3 

10.6  6.2 

(T-393  K) 


0.6328 

11. 1 

1.15 

7.2 

3.39 

6.4 

10.6 

6.3 

(T-413  K) 

0.6328 

11.3 

1.15 

7.3 

3.39 

6.4 

10.6 

6.3 

(T-433 

K) 

0.6328 

11.5 

1.15 

7.4 

3.39 

6.5 

10.6 

6.4 

(T-453 

K) 

0.6328 

11.8 

1.15 

7.6 

3.39 

6.6 

10.6 

6.6 

(T-473 

K) 

0.6328 

12.1 

1.15 

7.8 

3.39 

6.7 

10.6 

6.7 
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Table  A-7.'  Experimental  data  on  the  temperature  derivative  of  refractive  index  of 
sine  sclcnide  (wavelength  dependence) — Continued 


Data 

set 


dn/dT 


Specifications  and  remark* 


Author (s),  year  fref.)1 


(T-80-300  K) 
3.8  7.0 

10.6  6.0 


10 


(T-293-353  X) 
0.63  11.1 


CVD  ZnSe  produced  by  RCA  Inc.;  two  prism 
specimens  of  13*  apex  angle  and  the  faces 
flat  to  A/4  In  the  visible;  refractive  In¬ 
dices  over  temperature  range  80  X  to  300  X 
were  measured  by  minimum  deviation  method; 
the  dn/dT  values  determined  are  Independent 
of  temperature. 

Single  crystal  grown  from  the  melt  under 
argon  atmosphere  by  the  Bridgiman  method; 
disk-shaped  specimen  with  a  thickness  of 
4-10  mm  and  a  diameter  of  33-50  mm;  dn/dT 
was  determined  from  interference  fringe 
shifting  observation;  data  extracted  from  a 
table;  accuracy  15-10Z. 


Thompson.  C.J.C., 

DeBell ,  A.C.,  and  Wolfe, 
W.L.,  1979  (54) 

I  - 


Afanas'ev,  I. I.  and 
Nosov,  V.B.',  1979  [65) 


I  " 


I  _ 


I 
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Table  A-8. 
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Experimental  data  on  the  temperature  derivative  of' refractive 'Index  of  _ 


zinc  selenlde  (temperature  dependence) 

[Temperature,  T,  K;  wavelength,  X,  pm;  temperature  derivative  of  refractive  Index,  dn/dT,  10“sK”lj) 


Data 

set 


dn/dT 


Specifications  and  remarks 


Author (s),  year  [ref.] 


(1*0.6328  pm) 

93 

7.6 

113 

8.2 

133 

8.7 

153 

9.1 

173 

9.4 

193 

9.7 

213 

,  10. Q 

233 

10.2  - 

253 

10.3 

273 

10.5 

293 

10.6 

313 

10.7 

333 

10.8 

353 

10.9 

373 

11.0 

393 

11.1 

413 

11.3 

433 

11.5 

453 

11.8 

473 

12.1 

(X=*l 

.15  pm) 

93 

5.4 

113 

5.7 

133 

6.0 

153 

6.3 

173 

6.5 

193 

6.6 

213 

6.7 

233 

6.8 

253 

6.9 

273 

7.0 

293 

7.0 

313 

7.0 

333 

7.1 

353 

7.1 

373 

7.2 

393 

7.2 

413 

7.3 

433 

7.4 

453 

7.6 

473 

7.8 

(X-3.39  pa) 

93 

5.0 

113 

5.2 

133 

5.4 

153 

5.6 

173 

5.8 

193 

5.9 

213 

6.0 

233 

6.1 

253 

6.1 

273 

6.2 

Polycrystalline  material  grown  by  CVD  method; 
plate  specimen;  dn/dT  data  were  determined 
from  a  knowledge  of  the  expansion  coefficient 
and  by  measuring  the  shift  of  Fizeau  fringes 
in  the  heated  specimen;  data  extracted  from  a 
table;  standard  deviation  about  one  unit  in 
the  first  decimal  placie. 

Si.. HI  1  ‘  l\'..  (.  HAM  i  I-  Oft  NINO  I'AC.E  ON  THIS  I  INI 


Feldman,  A.,  Horowitz, 
D.,  Waxier,  R.M.,  and 
Dodge,  M.J.,  1978  [17] 


iv-.n  *  r.  a  )i,n>  i  t 

Put  j  Co»iw.i.mon 

j  V'nuunt  N.W 

.  (I  C  7( XK» 


Polycrystalline  material  grown  by  CVD  method; 
plate  specimen;  dn/dT  data  were  determined 
from  a  knowledge  of  the  expansion  coefficient 
and  by  measuring  the  shift  of  Fizeau  fringes 
in  the  heated  specimen;  data  extracted  from  a 
table;  standard  deviation  about  one  unit  in 
the  first  decimal  place. 


Feldman,  A.,  et  al., 
1978  [17] 


I  _ 


Polycrystalline  material  grown  by  CVD  method: 
plate  specimen;  dn/dT  data  were  determined 
from  a  knowledge  of  the  expansion  coefficient 
and  by  measuring  the  shift  of  Fizeau  fringes 
in  the  heated  specimen;  data  extracted  from  u 
table;  standard  deviation  about  one  unit  in 
the  first  decimal  place. 


'  NO!  :'«’i  11:  »  t  (:•  VONO  ■'MIS  LlNf 


Feldman,  A.,  ct  al., 
1978  [17] 
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.Table  A-9.  Experimental  data  on  the  refractive_index_qf  zinc  tcllurlde  (wavelength 'dependence) 
(Temperature,  T,  K;  wavelength,  1,  pra;  refractive  index,  n] 


X 

n 

(T-300  K) 

0.563 

3.162 

0.588 

3.094 

0.624 

3.026 

0.667 

2.966 

0.723 

2.913 

0.801 

2.868 

0.908 

2.831 

1.069. 

.2.786 

1.329 

2.756 

1.739 

2.734 

2.335 

2.727 

(T-300  K) 

0.518 

3.184 

0.520 

3.174 

0.522 

3.166 

0.526 

3.160 

0.540 

3.135 

0.553 

3.120 

0.559 

3.114 

0.568 

3.106 

0.574 

3.100 

0.579 

3.096 

0.589 

3.089 

0.600 

3.082 

0.620 

3.069 

0.640 

3.056 

0.659 

3.044 

0.680 

3.032 

0.700 

3.020 

(T-297  K) 

0.569 

3.111 

0.577 

3.085 

0.579 

3.079 

0.589 

3.054 

0.600 

3.035 

0.600 

3.035 

0.616 

3.005 

0.650 

2.962 

0.700 

2.912 

0.700 

2.914 

0.725 

2.893 

0.750 

2.878 

0.750 

2.880 

0.760 

2.871 

0.770 

2.866 

0.800 

2.853 

1.000 

2.790 

1.200 

2.758 

1.300 

2.748 

1.400 

2.741 

1.500 

2.7342 

1.515 

2.7336 

<3  1?  Jl 
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t  y  i  tj  i  ’  'J|  T 

'*•  f  Puli  •  Cn-| 

1i>.  "  a  Vt  i  i  .  Ml  <*% 

. -■  **••«.■ r*  DC.  7<KXM> 


Specifications  and  remarks 


Crystal  grown  by  vacuum  sublimation  method; 
prismatic  specimen;  refractive  indices  .deter¬ 
mined  by  minimum  deviation  method;  data  ex¬ 
tracted  from  a  figure .! 


SI  Ah  ■  i.xSJ'Ttl'  O'’!  MM.  PAUL  ON  I  HIS  UNI 


Small  crystal;  cut  into  a  prism  with  apex 
angle  15*43'  and  optically  polished;  refrac¬ 
tive  indices  were  determined  by  minimum  devi¬ 
ation  method;  data  extracted  from  a  figure. 


Author(a),  year  (ref.) 


Aten,  A.C.,  Van  Doom, 
C *  Z. ,  and  Vink,  A. T. , 
1962  (72) 


ill! 


Shlozawa,  L.R. ,  Devlin, 
S.S.,  Barrett,  J.L. , 
Jost,  J.M.,  and 
Chotkevys,  C.P.,  1962 
[73] 


Single  crystal;  cubic;  grown  from  vapor  depo¬ 
sition;  prism  specimen  of  apex  angle  22*15'; 
refractive  Indices  were  determined  by  minimum 
deviation  method;  data  extracted  from  a  table. 


Shlozawa,  L.R.,  Jost, 
J.M. ,  Chotkevys,  C.P., 
Devlin,  S.S.,  Barrett, 
J.L.,  and  Sllker,  T.R. 
1963  (76] 


I  -  \  I  HI  VOM  IHiS  I'M  1  I  t  t 

...L. 


UO  NOT  1  xct  11)  THIS  LINF  HY  MURI  1  MAN  fHHCt  CHARACTERS 


(T-298  K) 


(T-300 
1.321 
2.317 
3.254 
4.717 
6.531 
8.754 
10.569 
12. b/7 
14.668 
16.719 
18.770 
20.763 
22.931 
24.749 
26.800 
29.028 
31.081 
32.606 
34.071 


Single  crvsc.il;  impurities  0.001-0.0022  P, 
0.0005-0.0012  As,  Fc,  Si,  <0.00052  Cd,  Sb, 
trace  of  Ag,  Al,  Au,  8,  Cd,  Cu,  Ca,  In,  Li, 
Mn,  Ni,  >0.0022  oxygen  and  halogens;  crystal 
grown  in  sealed,  argon-filled,  quartz  tube  by 
sublimation  of  the  compound  from  a  hot  fur¬ 
nace  zone  into  a  cooler  zone  whore  crystals 
formed;  prism  specimen  consisted  of  two  to 
four  Single  crystal  grains  strongly  bonded 
together  in  optical  contact;  data  extraction 
by  using  the  equation  ria*A+[ BX?/ (Az— C2 ) ] , 
where  A*4.27,  B-3.01,  C?=0.142,  and  X  in 
units  of  vim;  uncertainties  in  refractive  in¬ 
dices  about  ±0.003.  i 


Thin  films  of  varying  thickness  deposited  on 
KRS-5  substrate  with  back  surface  roughened 
to  eliminate  second  surface  reflection;  re¬ 
fractive  indices  of  ZnTe  were  from  reflectance 
measurements;  data  extracted  from  a  figure. 


Marple,  D.T.F. ,  1964 
(48) 


Bausch  &  Lomb  Inc . , 
1964  (76) 


(T-297 

0.062 

0.064 

0.069 

0.076 

0.084 

0,092 

0.098 

0.101 

0.104 

0.111 

0.124 

0.135 

0.144 

0.153 

0.158 

0.160 


p  «  it  tr  n<  ? 

107.#  V«  A»i  hit.  N  VV. 

rtwihm.  U  C.  yOOOi 


Optical  constants  were  obtained  by  the 
Kramers-Kronig  analysis  of  the  normal-inci¬ 
dence  reflection  spectrum;  data  extracted 
from  a  figure. 


Cardona,  M.,  1965  [77) 
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Table  A-9.  Experimental  data  on  the  refractive  index' of  zinc  telluride (wavelength  dependence}—. 
Continued  !  1 


Data 

set 


6 

cont. 


X 

n 

0.164 

0.9S4 

0.167 

1.020 

0.180 

1.069 

0.182 

1.119 

0.187 

1.152 

0.191 

1.151 

0.202 

1.018 

0.213 

0.952 

0.220 

0.985 

0.226 

*1.0l8 

0.234 

1.448 

0.255 

1.978 

0.269 

2.127 

0.279 

2.143 

0.290 

2.160 

0.303 

2.591 

0.316 

2.756 

0.323 

2.723 

0.337 

2.673 

0.345 

2.723 

0.346 

2.822 

0.347 

3.303 

0.356 

3.402 

0.393 

3.368 

0.440 

3.302 

0.467 

3.235 

0.515 

3.169 

0.553 

3.119 

0.574 

3.069 

0.648 

2.969 

0.744 

2.853 

1.061 

2.753 

1.853 

2.719 

(T-300  K) 

Specifications,  and  remarks 


Author (s),  year  (ref.) 


0.0550 

0.7564 

0.0570 

0.7697 

0.0590 

0.7760 

0.0618 

0.7962 

0.0653 

0.8163 

0.0663 

0.8231 

0.0684 

0.8224 

0.0711 

0.8217 

0.0729 

0.8212 

0.0766 

0.8345 

0.0801 

0.8337 

0.0814 

0.8405 

0.0824 

0.8474 

0.0842 

0.8541 

0.0872 

0.8465 

0.0913 

0.8457 

0.0950 

0.8309 

0.0988 

0.8304 

0.1021 

0.8299 

0.1045 

0.8438 

0.1071 

0.8222 

'  i  'iti  r  i>  ,2  t?  7?i 
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Cardona,  M.,  1965  (77)! 


iHIS  '-’AC:  *  ■  'it  I  MAPI  I  It  Nl'VHir  AMO  mu 


S  I  Alt  mm  |\C  ('MAI'  I  i  It  MPf  mm;  pao  o\  this  I  INi 


J  4 


Thin  film  specimen  of  0.07  pm  thickness; 
vacuum  evaporated  onto  a  fused  silica  sub¬ 
strate  from  99.999X  pure  ZnTe;  also  a  quasi- 
single  crystal  from  commercial;  one  face  of 
the  crystal  was  polished  with  0.05  pm 
alumina;  refractive  indices  were  determined 
from  the  reflectances  measured  at  angles 
20*  and  70*;  data  extracted  from  a  figure. 


Crandall,  N.E.  and 
Linton,  R.C.,  1974 
(811 
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table  A-9.  Experimental  data  on  the  refractive  index  of  zinc  tellur lde  (wavelength  dependence) — ! 

Continued  |  * 


A  n  Specifications  and  remarks  Author(s),  year  Iref.) 


7  0.1108 

0.8146 

1 

| 

Crandell,  M.E.  and 

cont.  0.1126 

0.8215 

1 

Linton,  K.C.,  1974 

. 

0.1196 

0.8563 

Till'  V  ‘ACT  1  VI*  CHAi'T 

I  i:  M  Vi  i.i;  /.•>  ■  TIT’ 

[81) 

1 

0.1229 

0.8702 

1 

0.1266 

0.9338 

i 

0.1294 

1.005 

1 

0.1299 

1.026 

. 

0.1344 

1.068 

0.1371 

1.089 

:  — 

0.1399 

1.117  * 

:  •  I  i\C.  (  HAI'TL  •>  Of’ 

mm;  ••<•>. -i  i  his  ur.i 

1  1  i  4 

0.1416 

1.153 

0.1428 

1.167 

i 

0.1445 

1.181 

;  *• 

0.1470 

1.174 

\ 

0.1495 

1.131 

*. 

0.1508 

1.081 

0.1521 

1.024 

0.1547 

1.010 

0.1583 

1.010 

1  “ 

0.1605 

1.038 

0.1628 

1.095 

0.1635 

1.109 

0.1667 

1.102 

, 

0.1699 

1.109 

0.1769 

1.186 

i  *- 

0.1885 

1.314 

- 

0.1927 

1.328 

i  o 

0.1948 

1.335 

0.1993 

1.313 

0.2016 

1.285 

! 

0.2039 

1.285 

•  ‘-1 

0.2064 

1.299 

|  - 

0.2089 

1.320 

.  - 

0.2142 

1.512 

:  •- 

0.2226 

1.618 

:  .*■ 

0.2286 

1.781 

0.2364 

1.816 

1' 

0.2397 

1.845 

, 

0.2468 

2.008 

0.2504 

2.079 

0.2505 

2.150 

0.2507 

2.256 

' 

0.2508 

2.320 

i 

0.2545 

2.349 

0.2580 

2.157 

i 

0.2620 

2.249 

0.2726 

2.490 

0.2866 

2.732 

0.2940 

2.795 

l 

, 

0.2992 

2.873 

| 

' 

0.3045 

2.930 

1 

0.3047 

3.001 

i 

0.3082 

3.378 

i 

i 

0.31S9 

3.065 

0.3158 

3.001 

0.3283 

3.257 

| 

.  0.3351 

3.470 

•  -  —  - - 

i  - .....  . 

• - ... 

_  .  1 
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Experimental  data  on  the  refractive  Index' of  zinc  tclluride  (wavelength  dependence)-- 
Continued 


Data 

set 


X 

n 

(T-300  K) 

24.747 

2.488 

29.795 

2.494 

29.796 

2.421 

39.749 

2.069 

42.346 

1.927 

45.233 

1.565 

46.965 

1.203 

48.700 

0.329 

49.855 

0.111  • 

52.018 

0.260 

53.459 

0.481 

54.611 

0.848 

54.898 

1.140 

55.608 

3.331 

56.175 

5.375 

56.738 

8.223 

56.876 

9.464 

57.606 

7.567 

58.769 

5.889 

59.493 

5.306 

61.371 

4.579 

63.682 

4.071 

67.001 

3.710 

68.588 

3.566 

72.916 

3.426 

80.272 

3.362 

85.176 

3.369 

(T-100  K) 

42.202 

1.853 

45.234 

1.346 

46.534 

0.910 

47.690 

0.401 

48.701 

0.110 

49. 711 

0.038 

52.018 

0.187 

53.601 

1.065 

54.604 

2.234 

55.310 

5.374 

55.729 

8.002 

55.717 

10.411 

56.448 

8.368 

57.323 

6.544 

58.627 

5.305 

59.639 

4.796 

63.250 

3.924 

66.568 

3.710 

(T-300  K) 

7.538 

2.424 

20.346 

2.422 

29.703 

2.370 

36.590 

2.219 

40.026 

2.019 

44.436 

1.643 

46.384 

1.268 
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Author (a),  year  Iref.] 
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Crystal  (structure  not  given);  grown  at  the 
Aerospace  Research  Laboratories,  Wright- 
Patterson  Air  Force  Base,  OH;  sample  was 
polished  to  a  mirror-like  finish;  near  normal 
(12°  incident  angle)  reflectivity  was  meas¬ 
ured;  refractive  Indices  were  deduced  from 
reflection  spectrum  by  Drude  dispersion 
theory;  data  extracted  from  a  figure. 

i 
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Manabe,  A.,  Mitsulshl, 
A. ,  and  Yoshinaga,  H. , 
1967  (16) 


J  J 


i 

Crystal  (structure  not*  given);  grown  at  the 
Aerospace  Research  Laboratories,  Wright- 
Patterson  Air  Force  Base,  OH;  sample  was 
polished  to  a  mirror-like  finish;  near  normal 
(12°  incident  angle)  reflectivity  was  meas¬ 
ured;  refractive  indices  were  deduced  from 
reflection  spectrum  by  Drude  dispersion 
theory;  data  extracted  from  a  figure. 


Manabe,  A.,  ct  al., 
1967  (16) 


Specimen  prepared  from  ZnTe  pellet;  optical 
constants  were  determined  from  reflection 
spectrum  by  Lorentc  oscillator  fitting;  data 
extracted  from  a  figure. 
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Handl,  A.,  Henry,  P., 
Lambert,  J.P.,  Morlot, 
V.,  Strlmer,  P.,  and 
Chanel,  D.,  1967  (55] 
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Tabic  A-9.  Experimental  data  on  the  refractive  index  of  zinc  tellurldc  (wavelength  dependence) — 
Continued  f 


Data 

set 

X 

n 

Specifications  and  remarks 

Author (s),  year  (ref.) 
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47.341 

0.817 

Handl,  A.,  et  al . ,  1967 

cont. 

48.319 

0.692 

1 

i 

[551 

47.334 

0.692 

Till'  li’ACI  limt'l.'.l’l!  !•:  \  \v>.|  |'  1  M  'I  I 

50.288 

0.667 

51.284 

0.842 

53.291 

1.442 

54.327 

2.266 

54.370 

2.966 

55.382 

3.391 

55.428 

4.141  1 

i't-’INv  C.HAn  t  u  c  if!  UN  imMiNf- 

i  i  i  1 

56.438 

4.541 

55.960 

4.791 

57.934 

4.841 

58.417 

4.691 

! 

62.332 

4.265 

j 

66.741 

3.864 

1 

70.671 

3.689 

74.602 

3.538 

79.521 

3.412 

i 

89.861 

3.336 

1 

101.188 

3.284 

113.997 

3.307 

1 

125.818 

3.280 

i 

11 

(T-90 

K) 

Specimen  prepared  from 

i  ZnTe  pellet;  optical 

Handl,  A.,  et  al.,  1967 

21.713 

2.447 

constants  were  determined  from  reflection 

[55] 

26.639 

2.446 

spectrum  by  Lorentz  oscillator  fitting;  data 

32.547 

2.245 

extracted  from  a  figure. 

, 

39.932 

1.944 

1 

44.848 

1.343 

46.812 

0.893 

47.795 

0.742 

49.764 

0.692 

50.259 

0.842 

51.746 

1.392 

53.739 

2.891 

54.254 

4.291 

55.257 

5.491 

1 

55.762 

6.291 

55.774 

7.041 

i 

56.268 

7.141 

57.245 

6.641 

58.213 

5.491 

j 

! 

58.697 

4.941 

I 

( 

62.138 

4.440 

i 

t 

66.565 

4.039 

i 

i 

! 

73.948 

3.638 

j 

87.737 

3.386 

101.037 

3.334 

i 

115.322 

3.282 

124.681 

3.230 

12 

(T-290  K) 

Specimen  prepared  from  ZnTe  pellet;  optical 

Hand],  A.,  Claudel,  J., 

35.187 

2.174 

constants  were  determined  by  transmission  and 

and  Strlmor,  P.,  1968 

37.185 

2.114 

reflection  measurements  In  the  Infrared  using 

1 56  J 

39.746 

2.053 

lorentz  oscillator  model;  it  was  found  that 

I 

ft***  p  t>  (2  »;  mi 
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1  !  :•  r..-.  :  •.  -i  '  : 
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!  I 

Mt'm. 

»;r|P  C« 

! 

i 

10.’!,  \ 

.  tfnont  A*  -rtiip,  N  W 

"  *  * 

h..  ^ 

•!•»«.  nr 

r 


i 


153 1 


Table  A-9.  Experimental  data  on  the  refractive  index  of  zinc  t'ellurlde' (wavelength  dependence)  —  i 
Continued  I  1 


i 


Oata 

set 

X 

n 

Specifications  and  remarks 

Author  (a) , 

year  [ref.]i 

12 

42.684 

1.902 

at  290  K  Vj-177  cm-1  and  V2|-205  cm-1;  data 

Handl,  A., 

ct  al.f  1968 

cont. 

44.565 

1.781 

extracted  from  a  figure. 

(56] 

45.827 

1.601 

I  id'.  i  f  Oi<  C.HAr 

1 1  l :  Nil  R  AM  i  1 1 T  l  1 

46.351 

1.510 

46.888 

1.390 

47.434 

1.119 

47.994 

0.908 

48.279 

0.788 

1 

I 

48.861 

0.668 

i 

51.022 

0.728 

i  :  v.  i :  Vv-  chapti  c  t 

!MMC  1‘AC.f  U\  THIS  1.  ,\f 

1  )  4 

* 

52.009 

0.818 

-  -  .  j 

53.038 

1.088 

* 

54.477 

1.539 

i 

55.614 

2.140 

l 

56.014 

2.832 

i 

56.818 

3.614 

57.639 

4.065 

58.055 

4.155 

i 

59.331 

4.035 

1 

60.213 

3.914 

61.583 

3.674 

j 

66.655 

3.342 

77.515 

3.041 

I 

92.619 

3.010 

136.395 

3.008 

j 

13 

(T-S0  K) 

Specimen  prepared  from  ZnTc  pellet;  optical 

Handi,  A., 

et  al.,  1968 

34.636 

2.205 

constants  were  determined  by  transmission  and 

[56] 

36.025 

2.174 

reflection  measurements  in  the  Infrared  using 

38.423 

2.113 

Lorentz  oscillator  model;  it  was  found  that 

| 

40.748 

2.023 

at  290  K  V.-181  cm-1  and  v»0“209  cm-*;  data 

i 

42.910 

1.902 

extracted  from  a  figur 

e. 

1 

44.565 

1.751 

1 

1 

| 

45.826 

1.570 

1 

46.886 

1.270 

47.154 

0.909 

I 

48.278 

0.728 

49.159 

0.668 

50.702 

0.728 

52.693 

1.148 

i 

i 

I 

53.758 

1.840 

i 

! 

54.502 

2.802 

i 

55.267 

3.795 

1 

56.052 

4.667 

56.845 

4.847 

ii 

56.843 

4.787 

i 

i 

57.651 

4.606 

58.903 

4.215 

i 

60.659 

3.704 

65.572 

3.312 

71.357 

3.131 

j 

l 

76.056 

3.041 

i 

83.095 

3.040 

98.252 

3.040 

• 

143.672 

3.008 

i 

- - 

- - 

. J 

*..!>«  p.f.  I J  I?  7l»l 


) :  vn  »( m  Vi  i%r  ims  i  <\i 
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Table  A-9. 


Experimental  data  on  the  refractijy_e_i.ndcx  of  zinc  telluride  (wavelength  dependence)  — 
Continued  ! 


Data 

set 


Specifications  and  remarks 


Author (s),  year  [ref.J 


14  (T-300  K) 

0.50  2.80 


15 


(T-300  K) 


0.55 

3.148 

0.56 

3.119 

0.57 

3.094 

0.58 

3.071 

0.59 

3.050 

0.60 

3.031 

0.62 

2.998 

0.63 

2.984 

0.64 

2.970 

0.65 

2.958 

0.66 

2.946 

0.67 

2.936 

0.69 

2.917 

0.71 

2.900 

0.72 

2.892 

0.75 

2.872 

16  (T-97  K) 


0.533 

3.156 

0.536 

3.145 

0.545 

3.113 

0.552 

3.094 

0.555 

3.082 

0.564 

3.059 

0.575 

3.037 

0.586 

3.017 

0.593 

3.001 

0.608 

2.980 

0.621 

2.959 

0.634 

2.942 

0.648 

2.927 

0.661 

2.913 

0.678 

2.896 

0.695 

2.883 

0.713 

2.869 

0.730 

2.858 

0.749 

2.847 

0.761 

2.840 

(T-300  K) 

184.118 

3.213 

195.137 

3.197 

209.222 

3.200 

217.964 

3.209 

224.532 

3.196 

232.541 

3.188 

240.032 

3.181 

251.610 

3.191 

261.704 

3.186 

287.687 

3.168 

■  1?  W  701 

?  » 

»li  I'ulthkA  ’ 

1 

HI.”'  V  Aic  •'tn  ,  NW 


Vacuum  deposited  thin  layer  specimen;  1-1.3  urn  Kot,  M.V.  and  Tyrziu, 
thick;  vacuum  annealed  for  80  hr.  at  623  K;  V.G.,  1970  [68J 
refractive  index  at  0.50  pm  determined  by  in¬ 
terference  method;  data  extracted  from  a 
table.  i 


Single  crystals;  grown  by  a  vapor  phase  Hortkoshi,  Y.,  Eblna, 

method  in  vacuum  and  Ln  Ar  atmosphere  of  A.,  and  Takahashi,  T., 

about  1  atm,  and  grown  from  a  melt;  impuri-  1971  [80J 

ties  Cu,  Al,  and  Fe  were  introduced  into 

some  specimens  but  the  effect  on  the  optical 

properties  negligible;  refractive  index 

determined  by  prism  method;  data  calculated 

from  a  best  fit  dispersion  equation. 

| 

i 


Single  crystals;  grown  by  a  vapor  phase  Horikoshi,  Y.,  et  al., 

method  in  vacuum  and  in  Ar  atmosphere  of  1971  [80) 

about  1  atm,  and  grown  from  a  melt;  impuri¬ 
ties  Cu,  Al,  and  Fe  were  introduced  into 
some  specimens  but  the  effect  on  the  optical 
properties  negligible;  refractive  index, 
determined  by  prism  method;  average  values 
of  the  results  extracted  from  a  figure. 


I 


Crystal;  pure;  grown  by  Bridgiman  method  Hattori,  T.,  Homma,  Y., 

under  high  temperature  and  high  pressure;  Mltsulshl,  A.,  and 

specimens  of  500  to  1000  pm  thick;  deviation  Tacke,  M.,  1973  [19) 
of  surface  flatness  smaller  than  0.41;  re¬ 
fractive  indices  were  determined  by  inter¬ 
ference  method;  data  extracted  from  a  figure. 


i 

I  - 

T  ?  i  f;n:  TM‘»  )  i  .  t  ;  i  ^  .. 


i 
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.able  A-9.  Experimental  data  on  the  refractive, Index  of.  zinc  telluride  (wavelength  dependence) - 
Continued 


Data 

set 

X 

n 

Specifications  and  reaarks 

Author(s),  year 

[ref.] 

17 

302.709 

3.169 

i 

Hattorl,  T.,  et 

•1*. 

cont. 

317.440 

3.167 

1 

1973  (19] 

333.689 

3.165 

•  i’,\(  r  i  OH  CHAP  II  H  NiWlM  K  ANU  Till  » 

354.070 

3.167 

374.405 

3.160 

400.256 

3.151 

429.941 

3.158 

j 

460.299 

3.155 

1 

500.000 

3.162 

i 

. .  „ 

541.535 

3.154  • 

S  '  ■  I  It*. .-mC  (  i«  Ql 

•  NINO  l‘AM  0\  THIS  Cl  Nr 

i  1  i 

I 

18 

(T-80  K) 

Crystal;  pure;  grown  by  Bridglman  method 

Hattorl,  T.,  et 

al  •  g 

161.339 

3.167 

under  high  temperature  and  high  pressure; 

1973  [19] 

165.434 

3.159 

specimens  of  500  to  1000  urn  thick;  deviation 

170.852 

3.159 

of  surface  flatness  smaller  than  0.4Z;  re- 

176.040 

3.158 

fractive  Indices  were 

determined  by  inter- 

180.923 

3.155 

fcrence  method;  data 

extracted  from  a  figure. 

186.088 

3.151 

192.259 

3.150 

1 

198.854 

3.146 

205.111 

3.145 

212.634 

3.145 

219.804 

3.135 

229.473 

3.140 

237.840 

3.133 

248.022 

3.132 

257.825 

3.129 

269.825 

3.132 

281.476 

3.128 

295.840 

3.126 

311.749 

3.126 

331.565 

3.127 

349.332 

3.121 

369.099 

3.119 

394.213 

3.123 

419.568 

3.110 

452.304 

3.117 

19 

(T-2  K) 

Crystal;  pure;  grown 

by  Bridglman  method 

Hattorl,  T.,  et 

al.. 

102.021 

3.278 

under  high  temperature  and  high  pressure; 

1973  [19] 

103.437 

3.272 

specimens  of  500  to  1000  |im  thick;  deviation 

105.529 

3.269 

of  surface  flatness  smaller  than  0.4Z;  re- 

107.044 

3.265 

fractive  indices  were 

determined  by  inter- 

108.831 

3.265 

ference  method;  data 

extracted  from  a  figure. 

110.679 

3.252 

112.346 

3.246 

113.965 

3.242 

1 

116.357 

3.232 

118.470 

3.228 

120.942 

3.220 

122.937 

3.218 

125.300 

3.213 

127.754 

3.209 

130. 303 

3.204 

132.964 

3.199 

135.733 

3.195 

— 

-  -  • 

-  ’  - 

- - - -  - 

— 

P-0 

*2  t?  70* 

T 

t  •  jm  5  i  t  r 

t  t 

fvtfitfHin 

1 

>nt  »*»>••’  .  .  ’I.w 
.  I  *  C  iP. 
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Table  A-9.  Experimental  data  on  the  ref  ractiVii_index_of.  2inc  tellutidc  (wavelength  dependence! — . 
I  Continued  j 


Data 

set 

X 

n 

19 

138.987 

3.190 

cont. 

142.015 

3.181 

145.175 

3.181 

148.482 

3.177 

151.941 

3.169 

156.033 

3.169 

159.856 

3.165 

164.389 

3.164 

169.190 

3.159 

173.695  J 

3.153 

178.450 

3.149 

184.118 

3.148 

190.157 

3.148 

195.871 

3.144 

202.720 

3.140 

209.222 

3.139 

217.964 

3.136 

225.504 

3.134 

234.631 

3.128 

244.528 

3.127 

255.303 

3.127 

265.703 

3.123 

276.993 

3.125 

294.169 

3.121 

308.071 

3.118 

323.342 

3.117 

342.454 

3.114 

363.954 

3.109 

391.251 

3.116 

416.215 

3.111 

448.430 

3.108 

490.604 

3.111 

530.504 

3.098 

583.941 

3.099 

20 

(T-300  K) 

0.354 

3.862 

0.381 

3.610 

0.409 

3.416 

0.438 

3.298 

0.472 

3.224 

0.504 

3.164 

0.533 

3.135 

0.547 

3.090 

0.570 

3.016 

- -  . 

0.595 

2.956 

0.645 

2.867 

0.744 

2.793 

0.859 

2.734 

1.057 

2.705 

1.393 

2.660 

1.996 

2.661 

Spec  Klca dona  and  remarks 


Hi1.  '  i‘.\C  •  I  OU  CHAI  111:  N  \'Uf  t:  AV  ■  HTl  I 


Author(s),  year  (ref.) 


Hattori,  T.,  et  al., 
1973  (19) 


AH  I  1  IN'. -CHAI  TLR  linr.MM  •  AAi  ON  iHIS,..Nt 


111. 


Thin  film;  specimens  of  thickness  0.75  to 
3.50  lira;  substrate  held  at  room  temperature 
during  deposition;  refractive  index  data 
determined  by  interference  method;  data 
extracted  from  a  figure. 


Thutupalli,  C.K.M.  and 
Tomlin,  S.C.,  1976 
170]  | 


*  *.  •  •»  ’I','.  •  \  •«*  •  -i  (  ■  v:>  1 


i  i  i 


I.W m  P-6  \2  17-791 

i  C 0*1  «w.i|*i»n 

107’*  V’  N.W. 

»  :«*».  D  C.  JtfOOb 


•  H  M'.  ,:  ■  THI ,  I  -.t  t  I  !  t 

...  L. 


Table  A-9.  Experimental  data  on  the  refractive  index  of  zinc  telluride  (wavelength  dependence) 
Continued  1 


(T-300 

0.349 

0.368 

0.396 

0.424 

0.467 

0.498 

0.520 

0.533 

0.555 

0.578 

0.626 

0.688 

0.809 

1.018 

1.306 

1.904 


X) 

3.937 

3.788 

3.580 

3.431 

3.283 

3.239 

3.239 

3.209 

3.150 

3.075 

3.001 

2.942 

2.838 

2.764 

2.735 

2.720 


Specifications  and  remarks 


Thin  film;  specimens  of  thickness  0.75  to 
3.50  um;  substrate  held  at  598  K  during 
deposition;  refractive  index  data  deter¬ 
mined  by  Interference  method;  data  ex¬ 
tracted  from  a  figure. 


Author (s),  year  [ref.]i 


Thutupalll,  C.K.M.  and  ~ 
Tomlin,  S.C.,  1976  0 
l?01  Z 


:  i  v  1  f  <  v. '  Th.S  \  *\t 


:  f  t  ? 


I 


I  IT.'  t,Y  I.'.Ofil  Ili* 


